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VI PREFACE. 

of telescopes, &c. which are not to be found in general 
treatises on Optics and Astronomy. 

As Light is the foundation of astronomical science, 
and of all the instruments used for celestial observation, 
a brief description is given of the general properties of 
light— of the laws by which it is refracted and reflected 
when passing through different mediums — and of the 
effects it produces in the system of nature — ^in order to 
prepare the way for a clear understanding of the princi- 
ples on which optical instruments are constructed, and 
.the effects they produce. 

As this, as well as every other physical subject, forms 
a part of the arrangements of the Creator throughout 
the material system — ^the Author has occasionally taken 
an opportunity of directing the attention of the reader 
to the Wisdom and Beneficence of the Great First 
Cause, and of introducing those moral reflections which 
naturally flow from the subject. 

The present is the ninth volume which the Author has 
presented to the pubUc, and he indulges the hope that 
it will meet with the same favourable reception which 
his former publications have uniformly experienced. 
It was originally intended to conclude the volume with a 
few remarks on the utility of astronomical studies, and 
their moral and religions tendency, but this has been 
prevented, for the present, in consequence of the work 
having swelled to a greater size than was anticipated. 
Should he again appear before the public as an author, 
the subject of discussion and illustration will have a 
more direct bearing than the present on the great 
objects of religion and a future world. 

Broughty Ferry ^ near Dundee^ August^ 1845. 
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4 THE PRACTICAL ASTRONOMER. 

datkness and spporent desolation which deprived 
us of the view of them, as if they had been no 
more. It may be affirmed, in full accordance with 
truth, that the efflux of light in the dawn of the 
morning, after a dark and cloudj night, is even 
more magnificent and exhilarating than at the first 
moment of its creation. At that period, there 
were no spectators on earth to admire its glorious 
effects ; and no objects, such as we now behold, 
to be embellished with its radiance. The earth 
was a shapeless chaos, where no beauty or order 
could be perceived; the mountains had not reared 
theii heads ; the seas were not collected into their 
channels ; no rivers rolled through the valleys, no 
verdure adorned the plains ; the atmosphere was 
not raised on high to reflect the radiance, and no 
animated beings existed to diversify and enliven 
the scene. But now, when the dawning of the 
morning scatters the darkness of the night, it 
opens to view a scene of beauty and magnificence. 
The heavens are adorned with azure, the clouds 
are tinged with the most lively colours, the moun- 
tains and plains are clothed with verdure, and the 
whole of this lower creation stands forth arrayed 
with diversified scenes of beneficence and grandeur; 
while the contemplative eye looks round and 
wonders. 

Such, then, are the important and beneficent 
efiects of that light which every moment diffuses 
its blessings around us. It may justly be consi- 
dered as one of the most essential substances con- 
nected with the system of the material universe, 
and which gives efficiency to all the other princi- 
ples and arrangements ot nature. Hence we are 
informed, in the sacred history, that light was the 
first production of the Almighty Creator, and the 
first bom of created beings ; for without it the 
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countless numbers, throughout the remote spaces 
of the universe. Around Beveral of the planets, 
satellites, or moons, have been arranged for the 
purpose of throwing light on their surfaces in the 
absence of the sun, while at the same time the 

firimary planets themselves reflect an efiulgence of 
ight upon their satellites. All the stars which 
our unassisted vision can discern in the midnight 
sky, and the millions more which the telescope 
alone enables us to descry, must be considered as 
so many fountains of light, not merely to illumi- 
nate the voids of immensity, but to irradiate with 
their beams surrounding worlds with which they 
are more immediately connected, and to diffuse a 
general lustre throughout the amplitudes of infi- 
nite space. And, therefore, we have every reasoa 
to believe, that, could we fly, for thousands o£ 
years, with the swiftness of a seraph, through the: 
spaces of immensity, we should never approacli 
a region of absolute darkness, but should find our- 
selves, eveiT moment encompassed with the ema- 
DatioDB of light, and cheered with its benign influ- 
ences. That Almighty Being who inhabiteth 
immensity and " dwells in ught inaccessible," 
evidently appears to have diflused light over the 
remotest spaces of his creation, and to have thrown 
a radiance upon all the provinces of his wide and 
eternal empire, so that every intellectual being, 
wherever existing, may feel its beneficent effects, 
and be enabled, through its agency, to trace his 
wonderful operations, and the glorious attributes 
with which he is invested. 

As the science of astronomy depettds solely on 
the influence of light upon the organ of vision, 
which is the most noble and extensive of all our 
senses ; and as the construction of telescopes and 
other astronomical instruments is founded upon 
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coarse of sixteen and a half minntes, which is at 
the rate of 192,000 miles every second, and more 
than a million of times swifter than a cannon ball 
fljing with its greatest velocity. It appears from 
the discoveries of Dr. Bradley, respecting the 
aberration of the stars, that light flies from those 
bodies, with a velodtjr similar, if not exactly the 
same ; so that the light of the son, the planets, 
the stars, and eveiy laminons body in the imiverse 
is propagated with uniform velocity.* But, if the 
velocity of light be so very great, it may be asked, 
how does it not strike against all objects with a 
force equal to its velocity ? If the finest sand 
were thrown against our bodies with the hun- 
dredth part of this velocity, each grain would 
pierce us as certainly as the sharpest and swiftest 
arrows from a bow. It is a principle in mechanics 
that the force with which all bodies strike, is in 
proportion to the size of these bodies, or the 
quantity of matter they contain, multiplied by the 
velocity with which they move. Therefore if the 
particles of light were not almost infinitely small, 
they would, of necessity prove destructive in the 
highest degree. If a particle of light were equal 
in size to tibe twelve hundred thousandth part of 
a small grain of sand, — supposing light to be 
material — we should be no more able to withstand 
its force <than we should that of sand shot point 
blank from the mouth of a cannon. Every object 
would be battered and perforated by such celestial 
artillery, till our world were laid in ruins, and 
every living being destroyed. And herein are the 
wisdom and benevolence of the Creator displayed 

* THe manoer in which the motion of light was diBcoTered is ex- 
^^ed in the anthor*s work, entitled ^ Celestial Sceneiy.* pp. $69^ 
«^1) and the drciunstances which led to the discoreiy oi the aherra- 
tion of light are stated and illustrated in his Tolome on the * Sidereal 
HcaTens,* pp. 71—74, and ppi 284-292, 
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in making the particles of light so extremely small 
as to reoder them in some degree proportionate to 
the greatness of the force with nhich they are 
impelled ; otherwise, all nature would have been 
thrown into ruin and confusion, and the great 
globes of the universe shattered to atoms. 

We have many proofs, besides the above, that 
the particles of light are next to infinitely small. 
"We find that they penetrate with facility the 
hardest substances, such as crystal, glass, various 
kinds of precious stones, and even the diamond 
itself, though among the hardest of stones ; for 
such bodies could not be transparent, .unless light 
found an easy passage through their pores. 
When a candle is lighted in an elevated situation, 
in the space of a second or two, it will fill a cubical 
space (if there he no interruption) of two miles 
around it, in every direction, with luminous par- 
ticles, before the least sensible part of its substance 
is lost by the candle : — that is, it will in a short 
instant, fill a sphere four miles in diameter, twelve 
and a half miles in circumference, and conuining 
thirty-three and a half cubical miles with particles 
of light; for an eye placed in any part of this 
cubical space would perceive the Ught emitted by 
the candle. It liss been calculated that the num- 
ber of particles of light contained in such a space 
caanothe\ess than four hundred septilHonf — a num- 
ber which is six billiom of times greater than the 
number of grains of sand which could be contained 
in the whole earth considered as a solid globe, 
and supposing each cubic inch of it to contain ten 
hundred thousand grains. Such is the inconceiv- 
able tenuity of that substance which emanates 
from all luminous bodies, and which gives beauty 
and splendour to the universe ! Thb may also be 
evinced by the following experiment. Make a 
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thousand six hundred millions of miles, and it, 
consequently, contains about 24,000,000,000,000, 
000,000,000,000,000, or twenty-four thousand 
quartiUioTU of cubical miles, — every point of which 
immense space is filled with the solar beams. Not 
only so,butthe whole cubicalspace which intervenes 
between the sun and the nearest fixed stars is more 
or less illuminated by his rays. For, at the dis- 
tance of Sirius, or any other of the nearest stars, 
the sun would be visible, though only as a small 
twinkling orb ; and consequently, his lays must 
be difi'used, however faint, throughout the most 
distant spaces whence he is visible. The diameter 
of this immense sphere of light cannot be less than 
forty billiom of miles, and its solid contents 33, 
500,000,000,000,000,000,000,000,000,000,000, 
000,000, or, thirty-three thousand, five hundred 
sextillioTu of cubical miles. All this immense, 
and incomprehensible space is filled with the 
radiations of the solai orb; for were an eye 
placed in any one point of it, where no extraneous 
body interposed, the sun would be visible either 
as a lai^e luminous orb, or as a small twinkling 
star. But he can be visible only by the rays he 
emits, and which enter the organs of vision. 
How inconceivably immense, then, must he the 
quantity of rays which are thrown off in all direc- 
tions from that luminary which is the source of 
our day 1 Every star must likewise be donaidered 
as emitting innumerable streams of radiance over 
a space equally extensive, so that no point in the 
universe can be conceived where absolute darkness 
prevails, unless in the tnterwr regions of planetary 
bodies. 

4. The effect of Ught upon the eye it ttot trw/on- 
taaeout, but coatinuet for a short space of time. 
This may be proved and illustrated by the follow- 
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eye by the light reflected from any tooth, had 
lasted without sensible diminudon for the 34€th 
part of a second, the teeth would have formed 
one unbroken line, because a new tooth would 
have continually arrived in the place of the inte- 
rior one before its image could have disappeared. 
If a live coal be whirled round, it is observed that 
the luminous circle is complete, when the rotation 
is performed in the j^ of a second. Id this 
instance we see that the impression was much 
more durable than the former. Lastly, if an 
observer sitting in a room direct his sight through 
a window, to any particular object out of doors, 
for about half a minute, and then shut his eyes 
and cover them with his hands, he will still con- 
tinue to see the window, tc^ether with the out- 
line of the terrestrial objects bordering on the 
sky. This appearance will remain for near a 
minute, though occasionally vanishing and chang- 
ing colour in a manner that brevity forbids our 
minutely describing. From these facts we are 
authorized to conclude, that all impressions of 
light on the eye, last a considerable time, that 
the brightest objects make the most lasting im- 
pressions; and that, if the object be very bright, 
or the eye weak, the impression may remain for 
a time so strong, as to mix with and confuse the 
subsequent impressions made by other objects. 
In the last case the eye is said to be dazzled by 
the light.'* 

The following experiment has likewise been sug- 
gested as a proof ofthe impression which light makes 
upon the eye. If a card, on both sides of which a 
figure is drawn, for example, a bird and a cage, be 
made to revolve rapidly on the straight line which 
divides it symmetrically, the eye wilTperceive both 
* Micolien'a Introdnction to Nitnnl Phaoaopliy, toI. 1. 
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immense spaces of creation, or from some other 
sources to us unknown. 

6. The intemity of light is diminished in pro- 
portion to the xquare of the distance from the lumi- 
nous body. Thus, a persoo at two feet distance 
from a candle, has only the fourth part of the 
light he would have at one foot, at three feet dis- 
tance the ninth part, at four feet the sixteenth 
part, at five feet the twenty fifth part, and so on 
for other distances. Hence the light received by 
the planets of the Solar system decreases in pro- 
portion to the squares of the distances of these 
bodies from the sun. This may be illustrated by 
the following figure. 



Suppose the light which flows from a point 
A, and passes through a square hole B, is re- 
ceived upon a plane C, parallel to the plane of 
the hole—or, let the figure C be considered as 
the shadow of the plane B. When the distance 
of C is double of B, the length and breadth of 
the shadow C will be each double of the length 
and breadth of the plane B, and treble when AD 
is treble of AB, and so on, which may be easily 
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the earth is at least 300,000 times as great 
as that which descends to us from the full moon — 
and that, of 300,000 rays which the moon receives, 
from 170,000 to 200,000 are absorbed. Hence 
we find that, however brilliant the moon may 
appear at night — in the day time she appears as 
obscure as a small portion of dusky cloud to which 
she happens to be adjacent, and reflects no more 
light than a portion of whitish cloud of the same 
size. And as the full moon fills only the ninety 
thousandth part of the sky, it would require at 
least ninety thousand moons to produce as much 
light as we enjoy in the day-time under a cloudy 
sky, 

As the moon and the planets are rendered visi- 
ble to us only by light reflected from their surfaces, 
so it is in the same way that the images of most 
of the objects around us are conveyed to our 
organs of vision. "We behold all the objects which 
compose an extensive landscape, — the hills and 
vales, the woods and lawns, the lakes and rivers, 
and the habitations of man — in consequence of the 
capacity with which they are endued of sending 
forth reflected rays to the eye, from every point 
of their surfaces and in all directions. In connec- 
tion with the reflection of light, the following 
curious observation may be stated. Baron Funk, 
visiting some silver mines in Sweden, observed, 
that, 'in a clear day, it was. as dark as pitch 
underground in the eye of a pit, at sixty or 
seventy fathoms deep ; whereas, in a cloudy or 
rainy day, he could see to read even at 106 
fathoms deep. Enquiring of the miners, he was 
informed that this is always .the case ; and reflect- 
ing upon it, he imagined if arose from this cir- 
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degrees of force on its different parts. To tlie 
principle of attraction, likewise. Sir Isaac Xewton 
has referred the most extraordinary phenomena of 
li^ht. Refraction and Inflection. He has also 
endeavoured to show thai hght is not only subject 
to the law of attraction but of repulsion also, since 
it is repelled or reflected from certain bodies. If 
such principles be admitted, then, it is highly pro- 
bable that the phosphorescent bodies to which we 
have adverted have a power of attracting or imbib- 
ing the substance of light, and of retaining or 
giWng it out under certain circumstances, and 
that the matter of light is incorporated at least with 
the surface of such bodies. But on this subject, 
as on many others, there is a difference of opinion 
among philosophers.* 
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them. The experiments of Mr. P. Miller and 
others, prove that plants uniformly perspire most 
is the forenoon, though the temperature of the 
air in which they are placed should be unvaried. 
M. Guettard likewise informs us that a plant ex* 
posed to the rays of the sun, has its perspiration 
increased to a much greater d^ree than if it had 
been exposed to the same heat under the shade. 
V^tablea are likewise found to be indebted to 
%ht for their smell, taste, combustibility, matu- 
rity, and the resinous principle, which equally 
depend upon this fluid. The aromatic substances, 
resins, and volatile oil are the productions of 
southern climates, where the light is more pure, 
constant, and intense. In fine, another remarkable 
property of light on the vegetable kingdom is 
that, when vegetables are exposed to open day- 
Hght, or to the sun's rays, they emif oxygen gas 
or vital air. It has been proved that, in the pro- 
duction of this effect, the sun does not act as a 
hody that heats. The emission of the gas is 
determined by the light: pure air is therefore 
separated by the action of Ught, and the operation 
is stronger as the light is more vivid, ^y this 
continual emission of vital air, the Almighty inces- 
santly purifies the atmosphere, and repairs the loss 
of pure air occasioned by respiration, combustion, 
fermentation, putrefaction, and numerous other 
processes which have a tendency to contaminate 
this fluid so essential to the vigor and comfort of 
animal life ; so that, in this way, by the agency of 
light, a due equilibrium is always maintained be* 
tween the constituent parts of the atmosphere. 

In connection with this subject the following 
curious phenomenon may be stated, as related by 
M. Haggem, a Lecturer on Natural History in 
Sweden. One evening he perceived a faint flash 

C5 
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of light repeatedly dart from a marigold. Sur- 
prised at such an uncommon appearauce, he re- 
solved to examine it with attention j and, to be 
assured it was no deception of the eye, he placed 
a man near him, with orders to make a signal at 
the moment when he observed the light. They 
both saw it constantly at the same moment. The 
light was most brilliant on marigolds of an orange 
or flame colour, but scarcely visible on pale ones. 
The flash was frequently seen on the same flower 
two or three times in quick succession; but more 
commonly at intervals of several minutes ; and 
when several flowers in the same place emitted 
their light together, it could be observed at a con- 
siderable distance. The phenomenon was remarked 
in the months of July and August at sun-set, and 
for half an hour when the atmosphere was clear ; 
but after a rainy day, or when the air was loaded 
with vapours, nothing of it was seen. The fol- 
lowing flowers emitted flashes more or less vivid, 
in this order: — 1. The Marigold, 2. Monk's hood, 
3. The Orange Lily, 4. The Indian Pink. As to 
the cause of this phenomenon, difierent opinions 
may be entertained. From the rapidity of the 
flash and other circumstances, it may be conjectured 
that electricity is concerned in producing this 
appearance, M. Haggem, after having observed 
the flash from the orange lily, the antherse of which 
are at considerable distance from the petals, found 
that the light proceeded from the petals only ; 
whence he concludes, that this electrical light is 
caused by the pollen which, in flying off, is scat- 
tered on the petals. But, perhaps, the true cbuse 
of it still remains to be ascertained. 

10. Light hat bem luppoted to produce a cer- 
tain degree of influence on the propagation of 
SOUND? — M. Parolette, in a long paper in the 
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' Journal de Physique,' vol. 68, which is copied 
into ' !N^iehoIson*s Philosophical Journal, vol. 25, 
pp. 28 — 89, — has offered a variety of remarks, and 
detailed a number of experiments on this subject. 
The author states the following circumstances as 
having suggested the connection between light and 
sound. ' In 1803, I lived in Paris, and being 
accustomed to rise before day to finish a work on 
whicH I had long been employed, I found myself 
frequently disturbed by the sound of carriages, as 
my ^windows looked into one of the most fre- 
quented streets in that city. This circumstance 
which disturbed me in my studies everv morning, 
led me to remark, that the appearance^ d^y-break 
peculiarly affected the propagation or the sound: 
from dull and deep, which it was before day, it 
seemed to me to acquire a more sonorous sharp- 
ness in the period that succeeded the dissipation 
of darkness. The rolling of the wheels seemed 
to announce the friction of some substances grown 
more elastic ; and my ear on attending to it per- 
ceived this difference diminish, in proportion as 
the sound of wheels was confounded with those 
excited by the tumult of objects quitting their 
nocturnal silence. Struck with this observation, 
I attempted to discover whether any particular 
causes had deceived my ears. I rose several times 
before day for this purpose alone, and was every 
time confirmed in my suspicion, that light must 
have a peculiar influence on the propagation of 
sound. This variation, however, in the manner in 
which the air gave sounds might be the effect of 
the agitation of the atmosphere produced by the 
iare£action the presence of the sun occasioned; 
but the situation of my windows, and the usual 
direction of the morning breeze, niilitated against 
this argument.' 
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particles of a fluid of a peculiar nature —the par- 
ticles of this fluid must be extremely light, elastic 
and active. Nor does it appear to me unreason- 
able, to ascribe to the mechanical action of these 
particles set in motion by the sun, the effects its 
presence occasions in the yibrations that proceed 
from sonorous bodies* The more deeply we in- 
Testigate the theoiy of lights the more we mnst 
perceiye, that the powers by which the universe is 
moved reside in the imperceptible particles of 
bodies ; and that the grand results of nature are 
but an assemblage of an order of actions that take 
place in its infinitely small parts; consequently! 
we cannot institute a series of experiments more 
interesting than those which tend to develope the 
properties of light. Our organs of sense are so 
immediately connected with the fluid that 
enlightens us, that the notion of having acquired 
an idea of the mode of action of this fluid presents 
itself to our minds, as the hope of a striking 
advance in the knowledge of what composes the 
organic mechanism of our life, and oi that of 
beings which closely follow the rank assigned to 
the human species.' 

Such is a brief description of some of the lead- 
ing properties of light. Of all the objects that 
present themselves to the philosophic and con- 
templative mind^ light is one of the noblest and 
most interesting. The action it exerts on all the 
combinations of matter, its extreme divisibility, 
the rapidity of its propagation, the sublime wonders 
it reveids, and the office it performs in what con- 
stitutes the life of organic beings, lead us to con- 
sider it as a substance acting the first part in the 
economy of nature. The magic power which this 
emanation from the heavens exerts on our organs 
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is intimated tliat he acts as the vic^erent of the 
Almighty, who has invested him with a mechanic 
cal power of giving light, life and motion to all 
the beings susceptible of receiving impressions 
from his radiance. As the servant of his creator 
he distributes blessings without number among all 
the tribes of sentient and intelUgent existence. 
"VVlien his rays illumine theeastemskyinthemom* 
ing, all nature is enlivened with his presence. 
When he sinks beneath the western horizon, the 
flowers droop, the birds retire to their nests, and 
a mantle of darkness is spread over the landscape 
of the world. When he approaches the equinox 
in spring, the animal and vegetable tribes revive, 
and nature puts on a new and a smiling aspect. 
When he declines towards the winter solstice, 
dreariness and desolation ensue, and a temporary 
death takes place among the tribes of the vegeta- 
ble world. — This splendid luminary, whose light 
embellishes the whole of this lower creation, forms 
tbe most lively representation of Him who is the 
source and the centre of all beauty and perfection. 
" God is a sun," the sun of the moral and spirit* 
ual universe, from whom all the emanations of 
knowledge, love and felicity descend. ** He 
covereth himself with light as with a garment." 
and '' dwells in light inaccessible and full of 
glory.'' The felicity and enjoyments of the future 
world are adumbrated under the ideas of light and 
glory. ** The glory of Ood enlightens the celes- 
tial city,'' its inhabitants are represented as ** the 
saints in lights' it is declared that ''their mn 
shall no more go down,** and that " the Lord God 
is their everlasting light *^ So that light not only 
cheers and enlivens all beings throughout the 
material creation, but is the emblem of the Eternal 
Mind, and of all that is delightful and transport- 
ing in the scenes of a blessed immortality. 
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la the formation of light, and the beneficent 
effects it produces, the wisdom and goodness of 
the Almighty are conspicuously displayed. With- 
out the beams of the sun and the influence of light, 
what were all the realms of this world, but an 
undistinguished chaos and so many dungeons of 
darkness ? In. vain should we roll our eyes around 
to behold, amidst the uuiTersal gloom, the fiowery 
fields, the verdant plains, the flowing streams, the 
expansive ocean, the moon walking in brightness, 
the planets in their courses, or the innumerable 
host of stars. All would be lost to the eye of man, 
and the " blackness of darkness " would surround 
him for ever. And with how much wisdom has 
every thing been arranged in relation to the mo- 
tion and minuteness of light ? Were it capable of 
being transformed into a solid substance, and 
retain its present veloci^, it would form the most 
dreadful and appalling element in nature, and pro- 
duce imiversal terror and destruction throughout 
the universe. That this is not impossible, and 
could easily be effected by the band of Omnipo- 
tence, appears fix>m such substances aaphosphortu, 
where ligut is supposed to be concentrated in a 
solid state. But in all its operations and effects, 
as it is now directed by unerring wisdom and 
beneficence, it exhibits itself as the most benign 
and delightful element connected with the consti- 
tution of the material system, diffusing splendour 
and felicity wherever its Influence extends. 
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ner alcotiol will refract the raj BC more than salt 
water^ aod oil more than alcohol, and a piece of 
solid glass, of the ohape of the water, would refract 
the light still more than the oil. 

The angle of refraction depends on the obliquity 
of the rays falling on the refracting surface being 
always such, that the sine of the incident angle is 
to the sine of the refracted angle, in a given pro- 
portion. The incident angle is the angle made 
by a ray of light and a line drawn perpendicular 
to the refracting surface, at the point where the 
light enters the surface. The refracted angle is 
the angle made by the ray in the refracting medium 
with the same perpendicular produced. The tine 
of the angle is a line which serves to measure the 
angle, being drawn from a point in one leg perpen- 
dicular to the other. The following figure (£g. 
3.) will tend to illustrate these definitions. 



In this figure BC is the incident ray, CE the 
refracted ray, DG- the perpendicular, AD the sine 
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find that the shilling is rendered perfectly visible, 
although you have not in the slightest degree 
changed your position. The reason of this is, 
that the rays of light, by which it is rendered -visi- 
ble, are 6en( out of their course. Thus, suppose 
the shilling to have been placed in the bottom of 
the bason at E, (fig. 2.) the ray of light BC 
which passes obliquely from the air into vrater at 
C, instead of continuing its course to K, takes the 
direction CE, and consequently an object at E 
would be rendered visible by rays proceeding in 
that direction, when they would not have tou(^ed 
it had they proceeded in their direct course. 

The same principle is illustrated by the follow- 
ing experiment. Place a bason or square box on a 
table, and a candle at a small distance from it ; 
lay a small rod or stick across the sides of the 
bason, and mark the place where the extremity of 
the shadow falls, by placing a shilling or other 
object at the point; then let water be poured into 
the bason, and the shadow will then fall much 
nearer to the side next the candle than before. 
This experiment may likewise be performed by 
simply observing the change produced on the sha- 
dow of the side of the bason itself. Again, put a 
long stick obliquely into deep water, and the stick 
will seem to be broken at the point where it ap- 
pears at the surface of the water — the part which 
13 immersed in the water appearing to be bent up- 
wards. Hence every one must have observed that, 
in rowing a boat, the ends of the oars appear bent 
or broken every time they are immersed in the 
water, and their appearance at such times is a re> 
presentation of the course of the refracted rays. 
Again, fill a pretty deep jar with water, and you 
will observe the bottom of the jar considerably 
elevated, so that it appears much shallower than it 
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tion ; and this is not the only case in which a 
knowledge of the laws of nature may be useful in 
guarding us against dangers and fatal accidents. 

It is likewise owing to this refractive power in 
water, that a skilful marksman who wishes to 
shoot fish under water, is obliged to take aim con- 
siderably below the fish as it appears, because it 
seems much nearer the top of the water than it 
really is. An acquaintance with this property of 
light is particularly useful to divers, for, in any of 
their movements or operations, should they aim 
directly at the object, tney would arrive at a point 
considerably beyond it ; whereas, by having some 
idea of the depth of the water, and the angle 
which a line drawn from the eye to the object 
makes with its surface, the point at the bottom of 
the water, between the eye and the object at which 
the aim is to be taken, may be easily determined. 
For the same reason, a person below water does 
not see objects distinctly. For, as the aqueous 
humour of the eye has the same refractive power 
as water, the rays of light from any object under 
water will undergo no refraction in passing through 
the cornea, and aqueous humour, and will there- 
fore meet in a point far behind tjie retina. But 
if any person accustomed to go below water 
should use a pair of spectacles, consisting of two 
convex lenses, the radius of whose surface is three 
tenths of an inch — which is nearly the radius of 
the convexity of the cornea — he will see objects 
as distinctly below water as above it. 

It is owing to refraction, that we cannot judge 
so accurately of magnitudes and distances in water 
as in air. A fish looks considerably larger in 
water than when taken out of it. An object 
plunged vertically into water always appears con- 
tracted, and the more so as its upper extremity 
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approaches nearer the surface of the water. Every 
t^ng remaining in the same situation, if we take 
tlie object gradually out of the water, and it be of 
a slender form, we shall see it become larger and 
larger, by a rapid deTelopement, as it were, of all 
its parts. The distortion of objects, seen through 
a crooked pane of glass in a window, likewise 
arises from its unequal refraction of the rays that 

C_ through it. It has been calculated that in 
-Ing through the common glass of a window, 
objects appear about the one thirtieth of an inch 
out of their real place, by means of the refraction. 
Kefraction likewise produces an effect upon the 
heavenly bodies, so that their apparent positions 
are generally different from their real. By the 
refractive power of the atmosphere, the sun is 
seen before he comes to the horizon in the morn- 
ings and after he sinks beneath it in the evening ; 
and hence this luminary is never seen in the place 
m which it really is, except when it passes the 
zenith at noon, to places within the torrid zone. 
The sun is visible, when actually thirty-two 
minutes of a degree below the horizon, and when 
the opake rotundity of the earth is interposed be- 
tween our eye and that orb, just on the same 
principle as, in the experiment with the shilling 
and basin of water, the shilling was seen when the 
edge of the basin interposed between it and the 
*ight. The refractive power of the atmosphere 
has been found to be much greater, in certain 
<^ses, than what has been now stated. In the 
year 1595 a company of Dutch sailors having been 
Wrecked on the shores of Nova Zembla, and having 
heen obliged to remain in that desolate region 
during a night of more than three months — be- 
held the sun make his appearance in the horizon 
Ahout sixteen days before the time in which he 

D 
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should have tUen according to calculation, and 
when his body was actually more than four degrees 
below the horizon ; which circumstance has been 
attributed to the great refractive power of the 
atmosphere in those intensely cold regions. This 
refraction of the atmosphere, which renders the 
apparent rising and setting of the sun both earlier 
and later than the real, produces at least one 
important beneficial effect. It procures for us the 
benefit of a much longer day, at all seasons of the 
year, than we should enjoy, did not this property 
of the atmosphere produce this effect. It is owing 
to the same cause that the disks of the sun and 
moon appear elliptical or oval, when seen in the 
horizon, their horizontal diameters appearing 
longer than their vertical — which is caused by the 
greater refraction of the rays coming from the 
lower limb, which is immersed in the densest part 
of the atmosphere. 

The illumination of the heavens which precedes 
the rising of the sun, and continues sometime after 
he is set— or, what is commonly called the morn- 
ing and evening twilight — is likewise produced by 
the atmospherical refraction — which circumstance 
forms a very pleasing and beneficial arrangement 
in the system of nature. It not only prolongs to 
us the influence of the solar light, and adds nearly 
two hours to the length of our day, but prevents 
us from being transported all at once from the 
darkness of midnight to the splendour of noon- 
day, and Irom the effulgence of day to the gloom 
and horrors of the night — which would bewilder 
the traveller and navigator in their journeys by sea 
or land, and strike Ute living world with terror 
and amazement. 

The following figure will illustrate the position 
now stated, and the manner in which the reirac- 
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when it has descended nearly eighteen degrees 
below our horizon. We thus enjoy, throughout 
the year, seven hundred and thirty hours of light 
which ivould have been lost, had it not been 
refracted down upon us from the upper regions of 
the atmosphere. To the inhabitants of the polar 
regions this effect is still more interesting and 
beneficial. Were it not for their twilight, they 
would be involved, for a much longer period than 
they now are, in perpetual darkness ; but by the 
powerful refraction of light which takes place in 
the frigid zones, the day sooner makes its appear- 
ance towards spring, and their Ions winter nights 
are, in certain cases, shortened by a period of 
thirty days. Under the poles, where the dark- 
ness of night would continue six months without 
intermission, if there were no refraction, total 
darkness does not prevail during the one half of 
this period. When the sun sets, at the North 
pole about the ^rd of September, the inhabitants 
(if any) enjoy a perpetual aurora, till he has 
descended 18 degrees below the horizon. In his 
course through the ecliptic the sun is two months 
before he can reach this point, during which time 
there is a perpetual twilight. In two months 
more be arrives again at the same point, namely 
18 degrees below the horizon, when a new twi- 
light commences, which is continually increasing 
in brilliancy, for other two mouths, at the end of 
which the body of this luminary is seen rising in 
all its glory. So tbat^ in this region, the light of 
day is enjoyed, in a greater or less degree, for ten 
months without interruption, by the effects of 
atmospheric refraction ; and, during the two 
months when the influence of the solar light is 
entirely withdrawn, the moon is shining above 
the horizon for two half months without intermis- 



60 THE PRACTICAL ASTRONOMER. 

sion ; and thus it bappena, that no more than two 
separate fortnights are passed in absolute dark- 
ness ; and this darkness is alleviated by the light 
of the stars and the frequent coruscations of the 
Aurora Borealis. Hence, it appears, that there 
are no portions of our globe that enjoy, through- 
out the year, so large a portion of the solar light, 
as these northern regions, which is chiefly owing 
to the refraction of the atmosphere. 

The refraction of light by the atmosphere, com- 
bined with its power of reflecting it, is likewise 
the cause of that universal light and splendour 
which appears on all the objects around us. 
Were the earth disrobed of its atmosphere, and 
exposed naked to the solar beams — in this case, 
we might see the sun without having day, strictly 
so catted. His rising would not be preceded by 
any twilight as it now is. The most intense dark- 
ness would cover us till the very moment of his 
rising ; he would then suddenly break out from 
under the horizon with the same splendour he 
would exhibit at the highest part ofhiscourae, 
and would not change his brightness till the very 
moment of his setting, when in an instant all 
would be black as the darkest night. At noon 
day we should see the sun like an intensely bril- 
liant globe shining in a sky as black as ebony, 
like a clear fire in the night seen in the midst of 
an extensive field, and his rays would show us 
the adjacent objects immediately around us; but 
the rays which fall on the objects remote from us 
would be for ever lost in the expanse of the 
heavens. Instead of the beautiful azure of the 
sky, and the colours which distinguish the face of 
nature by day, we should see nothing but an abyss 
of darkness, and the stars shining from a vault as 
dark as chaos. Thus there would be no day, such 
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spherical and the other plain. It is usually made of 
glcLSSf but may also be formed of any other trans- 
parent substance, as ice, crystal, diamond, pebbles, 
or by fluids of different densities and refractive 
powers, enclosed between concave glasses. Lenses 
are ground into various forms, according to the 
purpose they are intended to serve. They may be 
generally distinguished as being either convex or 
concave. A convex glass is thickest in the middle, 
and thinner towards the edges. A concave glass is 
thin in the middle, and thicker towards the ex- 
tremities. Of these there are various forms, which 
are represented in fig. 5. A, is a plano-convex 
lens, which has one side plane, and the other 
spherical or convex. B, is a plano-concave, which 
is plane on the one side and concave on the other. 
C, is a double-convex, or one which is spherical on 
both sides. D, a double-concave, or concave on 
both sides. E, is called a meniscus, which is con- 
vex on one side and concave on the other. F, is 
a concavo-convex, the convex side of which is of a 
smaller sphere than the concave. In regard to the 
dearee of convexity or concavity in lenses, it is 
evident that there may be almost an infinite variety. 
For every convex surface is to be considered as 
the segment of a circle, the diameter and radius 
of which may vary to almost any extent. Hence, 
lenses have been formed by opticians, varying from 
one-fiftieth of an inch in radius, to two hundred 
feet. When we speak of the length of the radius 
of a lens, — as for instance, when we say that a 
lens is two inches or forty inches radius, we mean, 
that the convex surface of the glass is the part of 
a circle the radius of which, or half the diameter 
is two inches or forty inches ; or in other words, 
were the portion of the sphere on which it is 
ground formed into a globe of corresponding con- 
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from the object AB, (fig. 7.) to the point F, are 
said to convei^e towards that point. All convex 
glasses cause parallel rajs, which fall upon thetn 




to converge in a greater or less degree ; and they 
render converging rays still more convergent. If 
AB, fig. 7. represent a convex lens, and H G I 
parallel rays falling upon it, they will be re- 
fracted and converge towards the point F, which 
is called the fonut, or burning point ; because, 
when the sun's rays are thus converged to a point 
by a large lens, they set on fire combustible sub- 
stances. In this point the rays meet and intersect 
each other. Diverging rayt are those which, pro- 
ceeding from any point as A, fig. 8, continually 
recede from each other as they pass along in their 
course towards BC. All the" rays which proceed 
&om near objects as a window in a room, or an 
adjacent house or garden are more or less diver- 
gent. The following figures show the eSects of 
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exhibits the course of converging rays, when pnss- 
ing through a similar lens. In this case the rays 
converge to a focus nearer to the lens than the 
center ; for a convex lens uniformly increases the 
convergence of converging rays. The converging 
rays here represented, may be conceived as having 
been refracted by another convex tens of a longer 
focus, and, passing on towards a point of conver- 
gence, were intercepted by the lens AB. The 
point D is the place where the rays would have 
converged to a focus, had tbey not been thus in- 
tercepted. Fig. II, represents the course of 
diverging rays when falhng on a double convex 
glass. In this case the rays D B, D A, &c., after 
passing through the lens, converge to a focus at a 
point considerably farther from the lens than its 
centre, as at F. Such rays must be considered as 
proceeding from near objects, and the fact may be 
illustrated by the following experiment. Take a 
common reading-glass, and hold it in the rays of 
the sun, opposite a sheet of writing-paper or a 
white wall, and observe at vihat dutance from the 
glass the rays on the paper converge to a smalt 
distinct white snot. This distance inves the focal 



/ 
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sons. As the form of the eye of such persons is 
too convex, the rays are made to converge before 
they reach the optic nerve ; and therefore a con- 
cave glass, causing a little divergency, assists this 
defect of vision, by diminishing the eflect produced 
by the too great convexity of the eye, and lengthen- 
ing its focus. These glasses are seldom used, in 
modem times, in the construction of optical in- 
struments, except as eye-glasses for small pocket 
perspectives, and opera glasses. 

To Jind the focal distance of a convave glast. 
Take a piece of paste-board or card paper, and 
cut a. round hole in it, not larger than the diameter 
of the lens; and, on another piece of paste -board, 
describe a circle whose diameter is just double the 
diameter of the hole. Then apply the piece with 
the hole in it to the lens, and hold them in the 
sunbeams, with the other piece at such a distance 
behind, that the light proceeding from the hole 
may spread or diverge so as precisely to fill the 
circle ; then the distance of the circle from the 
lens is equal to its virtual focus, or to its radius, 
if it be a double concave, and to its diameter, if a 
plano-concave. Let d, e, (fig. 12,) represent the 
diameter of the bole, and g, i, the diameter of the 
circle, then the distance C, I, is the virtual focus 
of the lens.* 

The menitcut represented at £, fig. 5, is like the 
crystal of a common watch, and as the convexity 
is the same as the concavity, it neither magnifies 

• Thia mode of finding the fociu of BccnOTe lena maybe varied w 
fallow! :— lei the leai be coveied with wper. haTing two imall ciicnkr 
h()l«; and on the paper for reeeiTiiij the light, deuribe alto two duiU 
circlet, bnl with their c«ii1re> at twice the diatance from each other of 
the centrea of the circlea. Then move the paper to and from, till the 
middle of the aim'a light, coming ihrough the holea, tklla exactly on 
the middle of the circbi ; that dialance of the paper from the lena will 
be the focal length required. 
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nor diminishes. Sometimes, however, it is made 
in the form of a crescent, as at F, fig. 5, and is 
called a concavo-convex lens ; and, when the con- 
vexity is greater than the concavity, or, when it is 
thickest in the middle, it acts nearly in the same 
way as a double or plano-convex lens of the same 
focal distance. 

Of the IMAGES formed by convex lenses. 

It is a remarkable circumstance, and which 
would naturally excite admiration, were it not so 
common and well known, that when the rays of 
light from any object are refracted through a con^ 
t^ex lens, they paint a distinct and accurate picture 
of the object before it, in all its colours, shades, 
ond proportions. Previous to experience, we could 
have had no conception that light, when passing 
through such substances, and converging to a point, 
could have produced so admirable an effect, — an 
effect on which the construction and utility of all 
our optical instruments depend. The following 
figure will illustrate this position. 

Jigure 13. 

O 




Let L, N» represent a double convex lens, A, C, 
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peculiar property which the Creator has impressed 
upon the rays of lights that, when they are re^ 
fracted to a focus by a convex transparent sub- 
stance, they depict an accurate image of the objects 
whence they proceed. This, however common, 
and however much overlooked by the bulk of 
mankind, is indeed a very wonderful property 
with which light has been endued. Previous to 
experience we could have had no conception that 
such an effect would be produced ; and, in the 
first instance, we could not possibly have traced it 
to all its consequences. All the objects in crea- 
tion might have been illuminated as they now are, 
for aught we know, without sending forth either 
direct or reflected rays toith the property ofform-' 
ing exact representations of the objects whence 
they proceeded. But this we find to be a univer- 
sal law in regard to light of every description, 
whether as emanating directly from the sun, or as 
reflected from the objects he illuminates, or as 
proceeding from bodies artificially enlightened. It 
is a law or a property of light not only in our own 
system, but throughout all the systems of the 
universe to which mortal eyes have yet penetrated. 
The rays from the most distant star which astro- 
nomers have descried, are endued with this pro- 
perty, otherwise they could never have been per- 
ceived by means of our optical instruments ; for it 
is by the pictures or images formed in these in- 
struments that such distant objects are brought to 
view. Without this property of light, therefore, 
we should have had no telescopes, and conse- 
quently we could not have surveyed, as we can 
now do, the hills and vales, the deep caverns, the 
extensive plains, the circular ranges of mountains, 
and many other novel scenes which diversify the 
surface of our moon. We should have known 
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take of the character and perfections of the Divi* 
nity. Without the existence of the law or prin- 
ciple alluded to, we could not, in the present state, 
have formed precisely the same conceptions either 
of the Omnipotence, or of the wisdom and intelli- 
gence of the Almighty. Had no microscope ever 
been invented, the idea never could have entered 
into the mind of man, that worlds of living beings 
exist beyond the range of natural vision, that 
organized beings possessed of animation exist, 
whose whole bulk is less than the ten hundred 
thousandth part of the smallest grain of sand; 
that, descending from a visible point to thousands 
of degrees beyond it, an invisible world exists, 
peopled with tribes of every form and size, the 
extent of which, and how far it verges towards 
infinity downwards, mortals have never yet ex- 
plored, and perhaps will never be able to compre- 
hend.. This circumstance alone presents before us 
the perfections of the divinity in a new aspect, 
and plainly intimates that it is the will and the 
intention of the Deity, that we should explore his 
works, and investigate the laws by which the 
material world is regulated, that we may acquire 
more expansive views of his character and opera^ 
tions. The inventions of man in relation to art 
and science, are not therefore to be considered as 
mere accidental occurrences, but as special ar- 
rangements in the divine government, for the pur- 
pose of carrying forward the human mind to more 
clear and ample views of the scenes of the 
universe, and of the attributes and the agency of 
Him '* who is wonderful in counsel and excellent 
in working." 
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mim will see his foot at D, and conseqaently his 
whole figure at BD. 




AperscHi when looking into a mirror, will always 
see his own image aa far bejond the mirror as he 
is before it, and as he moves to or from it, the 
image will, at the same time, move towards or from 
him on the other side ; but apparently with a dou- 
ble velocity, because the two motions are equal 
and contrary. In like manner, if while the spec- 
tator is at rest, an object be in motion, its image 
behind the mirror will he seen to move at the same 
time. And if the spectator moves, the images of 
objects that are at rest will appear to approach, or 
recede &om him, after the same manner as when 
he moves towards real objects ; plane mirrors re- 
flecting not only the object, but the distance also, 
and that exactly in its natural dimensions — The 
following principle is sufficient for explaining most 
of the phenomena seen in a plane mirror, namely ; 
— That the image of an object seen in a plane mir- 
ror, it aUoavi in a perpendicular to the mirror 
joining the object and tke image, and that the image 
it at much on one tide the mirror, at the object it 
on the other. 
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would be the point where the reflected rays would 
be converged to a focus^ and set fire to combustible 
substances if the speculum be of a large diameter^ 
and of a short focal distance. Were a candle 
placed in that focus, its light would be reflected 
parallel as represented in the figure. These are 
properties of concave specula which require to be 
particularly attended to in the construction of re- 
flecting telescopes. It follows, from what has 
been now stated, that if we intend to form a specu- 
lum of a certain focal distance, — for example, two 
feet, it is necessary that it should be ground upon 
a tool whose radius is double that distance^ or four 
feet 

Properties of Convex Mirrors. 

From a convex surface, parallel rays when re- 
flected are made to diverge ; convergent rays are re- 
flected less convergent ; and divergent rays are ren- 
dered more divergent. It is the nature of all con- 
vex mirrors and surfaces to scatter or disperse the 
rays of light, and in every instance to impede their 
convergence. The following figure shows the 
course of parallel rays as reflected from a convex 
mirror. A£B is the convex surface of the mirror ; 
and KA, IE, LB, parallel rays Mling upon it. 
These rays, when they strike the mirror, are made 
to diverge in the direction AG, BH, &c. and both 
the parallel and divergent rays are here represented 
as they appear in a dark chamber, when a convex 
mirror is presented to the solar rays. The dotted 
lines denote only the course or tendency of the re- 
flected rays, towards the virtual focus F, were they 
not intercepted by the mirror. This virtual focus 
is just equal to half the radius C£. 
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from B, will be rejected from F to M, the 
rays from A, will be reflected to A, and so of 
all the intermediate rays, so that an inverted imi^e 
of the object OB, will be formed at IM. If ^e 
rays proceeded from objects at a very great dis- 
tance the image would be formed in the real focus 
of the mirror, or at one-fourth the diameter of the 
sphere from its surface ; but near objects, which 
send forth diverging rays, will have their images 
formed a little farther from the surface of the 
mirror. 

If we suppose a real object placed at IM, then 
OB will represent its magnified image, which will 
be larger than the object, in proportion to its dis- 
tance &om the mirror. This may be experimen- 
tally illustrated by a concave mirror and a candle. 
Suppose a concave mirror whose focal distance is 
five inches, and that a candle is placed before it, 
at a little beyond its focus, (as at IM) — suppose 
at five and a half inches, — and that a wall or white 
screen receives the image, at the distance of five 
feet six inches &om the mirror, an image of the 
candle will be formed on the wall which will be 
twelve times longer and broader than the candle 
itself. In this way concave mirrors may be made 
to magni^ the images of objects to an indefinite 
extent. This experiment is an exact counterpart 
of what is effected in similar circumstances by a 
convex lens, as described p. 74; the mirror per- 
forming the same thing by reflection, aa the lens 
did by refraction. 

From what has been stated in relation to con- 
cave mirrors it will be easily understood how they 
make such powerful burning-glasses. Suppose the 
focal distance of a concave mirror to be twelve 
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fonn an imajze of the sun at the focal point whose 
diameter is found to be about one-tenth of an inch. 
All the rays which fall upon the mirror are con- 
vened into this small point; and consequently 
their intensity is in proportion as the square of the 
surface of the mirror is to the square of the image. 
The squares of these diameters are as 14,400 to 1 ; 
and consequently the density of the sun's rays, in 
the focus, is to their density on the surface of the 
mirror as 14,400 to 1. That is, the heat of the 
solar rays in the focus of such a mirror will be 
fourteen thousand four hundred times greater than 
before — a heat which is capable of producing very 
powerful effects in melting and setting fire to sub- 
stances of almost every description. 

Were we desirous of forming an image by a 
concave speculum which shall be exactly equal to 
the object, the object must be placed exactly in 
the centre ; and, by an experiment of this land, 
the centre of the concavity of a mirror may be 
found. 

In the cases now stated, the images of objects 
are all formed in the front of the mirror, or be- 
tween it and the object. But there is a case in 
which the image is formed behind the mirror. 
This happens when the object is placed between 
the mirror and the focus of parallel rays, and then 
the image is larger than the object. In fig. 23, 
OF is a concave mirror, whose focus of parallel 
rays is at £• If an object OB be placed a little 
within this focus, as at A, a large image IM will 
be seen behind the mirror, somewhat curved and 
erect, which will be seen by an eye looking directly 
into the front of the mirror. Here the image ap- 
pears at a greater distance behind the mirror than 
the object is before it, and the object appears mag- 
nified in proportion to its distance from the focus 
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and tbe nurror If the mirror be one incli focal 
distance , and the object be placed eigbt tenths of 
an inch from its surface, the image would be five 
times as lai^e as the object in length and breadth, 
and consequently twenty-five times larger in sur- 
face. Id this way small objects may be magnified 
by reflection, as such objects are magnified by re- 
fraction, in the case of deep convex lenses. When 
such mirrors are large, for example six inches di- 
ameter, and eight or ten inches focal distance, they 
exhibit the human face as of an enormous bulk. 
This Is illustrated by the following figure. Let 
c N, Fig. 24-, represent the surface of a concave 
mirror, and A a human face looking into it, the 
face vrill appear magnified as represented by the 
image behind the mirror d q. Suppose a ray a c 
proceeding from the forehead, and another h n 
from the chin ; these rays are reflected to the per- 
son's eye at O, which consequently sees tbe image 
in the lines of reflection o d, o q, and in the angle 



98 



THE PRACTICAL ASTRONOMER. 



eye and the rairror. In this case, his image is 
formed before the mirror as represented at IM 
fig. 22. In this situation, if you hold out your 
hand towards the mirror, the hand of the image 
will come out towards your hand, and, when at the 
centre of concavity, it will be of an equal size with 
it, and you may shake hands with this aerial 
image. If you move your hand farther, you will 
find the hand of the image pass by your hand, and 
come between it and your body. If you move 
your hand towards either side, the hand of the 
image will move towards the other side ; the image 
moving always in a contrary direction to the ob- 
ject. All this while the by-standers, if any, see 
nothing of the image, because none of the reflected 
rays that form it can enter their eyes. — The fol- 
lowing figure represents a phenomenon produced 
in the same manner, a b is a concave mirror of a 
large size ; c represents a hand presented before 
the mirror, at a point farther distant than its focus. 

figure 25. 




In this case^ an inverted image of the hand is 
formed which is seen hanging in the air at m. The 
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mirror, the image situated behind the mirror is 
greater than the object, and it has the same direc- 
tion : in proportion as the object approaches the 
focus, the image becomes larger and more distant. 
These and similar results are proved by placing a 
lighted candle at different distances from a concave 
mirror. 4. An eye cannot see an image in the 
air except it be placed in the diverging rays ; but 
if the image be received on a piece of white paper, 
it may be seen in any position of the eye, as the 
rays are then reflected in every direction. 5. If a 
picture drawn according to the rules of perspec- 
tive, be placed before a large concave speculum, a 
little nearer than its principal focus, the image of 
the picture will appear extremely natural, and very 
nearly like the real objects whence it was taken. 
Not only are the objects considerably magnified, 
so as to approach to their natural size, but they 
have also diflerent apparent distances, as in nature, 
80 that the view of the inside of a church appears 
very like what it is in reality, and representations 
of landscapes appear very nearly, as they do from 
the spot whence they were taken. In this respect 
a large concave speculum may be made to serve 
nearly the same purpose, as the Optical Diagonal 
Machine, in viewing perspective prints. 6. The 
concave speculum is that alone which is used as 
the great mirror which forms the €rst Image in re- 
flecting telescopes ; and it is likewise the only kind 
of speculum used as the small mirror, in that con- 
struction of the instrument called the Gregorian 
Reflector. 

Quantitt/ of light reflected by poUthed tuifaceg. 

As this is a circumstance connected with the 
construction of reflecting telescopes, it may not be 
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being complete and well defined. The sea was (lis- 
tinctly seen between them, as at v w. As the ship 
rose to the horizon the image c gradually disap- 
peared, and while this was going on, the ima<;c b 
descended, but the mainmast of b did not meet 
the mainmast of a. The two images bc were 
perfectly visible when the whole ship was actually 
below the horizon. Dr. Vince then directed his 
telescope to another ship whose hull was just in 
the horizon, and he observed a complete inverted 
image of It, the mainmast of which just touched 
the mainmast of the ship itself. He saw at the 
same time several other ships whose images ap- 
peared in nearly a similar manner, in one of 
which the two images were visible when the whole 
ship was beneath the horizon. These phenomena 
must have been produced by the same causes 
which operated in the case formerly mentioned, 
in relation to Captain Scoresby, when lie saw the 
figure of his father's ship inverted in the distant 
horizon. Such cases are, perhaps not uncommon, 
especially in calm and sultry weather, but they 
are seldom observed, except when a person's at- 
tention is accidentally directed to the phenomenon, 
and, unless he use a telescope, it will not be so 
distinctly perceived. 

The following phenomenon, of a description 
nearly related to the above, has been supposed to 
be chiefly owing to reflection. On the 18th of 
November, ISO^, Dr. Buchan, when watching the 
rising sun, about a mile to the east of Brighton, 
just as the solar disk emerged from the surface of 
the water, saw the face of the clilf on which he 
was standing, a windmill, his own figure and 
the figure of his friend, distinctly represented, 
precisely opposite, at some distance from the 
ocean. This appearance lasted about ten minutes, 
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of producing illusions^ particularly the lake of 
Killamey. This romantic sheet of water is 
hounded on one side, hy a semicircle of rugged 
mountains, and on the other by a flat morass ; 
and the vapours generated in the marsh, and 
broken by the mountains, continually represent 
the most fantastic objects. Frequently men riding 
along the shore are seen as if they were moving 
across the lake, which is supposed to have given 
rise to the legend of O'Donougho, a magician who 
is said to be visible on the lake every May morn- 
ing. 

There can be little doubt that most of those 
visionary appearances which have been frequently 
seen in the sky and in mountainous regions, are 
phantoms produced by the cause to which I am 
adverting, such as armies of footmen and horse- 
men, which some have asserted to have been seen 
in the air near the horizon. A well authenticated 
instance of this kind occurred in the Highlands of 
Scotland : — Mr. Wren of Wetton Hall, and D. 
Stricket his servant, in the year 1744, were sitting 
at the door of the house in a summer evening, 
when they were surprised to see opposite to them 
on the side of Sonterfell hill — a place so extremely 
steep, that scarce a horse could walk slowly along 
it — the figure of a man with a dog pursuing 
several horses, all running at a most rapid pace. 
Onwards they passed till at last they disap« 
peared at the lower end of the Fell. In expec* 
tation of finding the man dashed to pieces by so 
tremendous a fall, they went early next morning 
and made a search, but no trace of man or horse, 
or the prints of their feet on the turf could be 
found. Sometime afterwards, about seven in the 
evening, on the same spot, they beheld a troop of 
horsemen advancing in close ranks and at a brisk 
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pace. The inmates of every cottage for a mile 
round beheld the wondrous scene, though they 
had formerly ridiculed the story told by Mr, Wren 
and his servant, and were struck with surprise and 
fear. The figures were seen for upwards of two 
hours, till the approach of darkness rendered 
them invisible. The various evolutions and 
changes through which the troops passed were 
distinctly visible, and were marked by all the 
observers. It is not improbable that these aerial 
troopers were produced by the same cause which 
made the castle of Dover to appear on the side 
of the hill next to Ramsgate, and it is supposed 
that they were the images of a body of rebels, on 
the other side of the hill, exercising themselves 
previous to the rebellion in 1745,* 

I shall mention only another instance of this 
description which lately occurred in France, and 
for a time caused a powerful sensation among all 
ranks. On Sunday the 17th of December, 1826, 
the clergy in the parish of Mign6, in the vicinity 
of Poictiers, were engaged in the exercises of the 
Jubilee which preceded the festival of Christmas, 
and a number of persona to the amount of 3000 
Bouls assisted in the service. They had planted 
as part of the ceremony, a large cross, twenty-five 
feet high, and painted red, in the open air beside 
the church. While one of the preachers, about 
five in the evening, was addressing the multitude, 
he reminded them of the miraculous cross which 
appeared in the sky to Constantine and his army, 
and the effect it produced — when suddenly a 
similar celestial cross appeared in the heavens just 

■ Th(K ran be little donbt that ume of tfae hcU aKribtd, in the 
WMtern biBhlandi of Scoll»nd, to Kcoml liflit, hBTe been omng lo the 
Qnumi] retraction of the Atmoephere ; ai one of the peculLantien at- 
ibuted tothoK wbopoiMHeduiia bcull; HBi, ibal the; were enabled 
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before the porch of the church about 300 feet 
above the horizon, and 140 feet in length, and its 
breadth from three to four feet, of a bright silver 
colour tinged with red. The curate and congre- 
gation fixed their wondering gaze upon this ex- 
traordinary phenomenon, and the effect produced 
on the minds of the assembly was strong and 
solemn : they spontaneously threw themselves on 
their knees ; and many, who had been remiss in 
their religious duties, humbly confessed their sins, 
and made vows of penance and reformation. A 
commission was appointed to investigate the truth 
of this extraordinary appearance, and a memorial 
stating the above and other facts was subscribed 
by more than forty persons of rank and intelli- 
gence, so that no doubt was entertained as to the 
reality of the phenomenon. By many it was 
considered as strictly miraculous, as having hap- 
pened at the time and in the circumstances men- 
tioned. But it is evident, from what we have 
already stated, that it may be accounted for on 
physical principles. The large cross of wood 
painted red was doubtless the real object which 
produced the magnified image. The state of the 
atmosphere, according to the descriptions given in 
the memorial, must have been favourable for the 
production of such images. The spectrum of the 
wooden cross must have been cast on the concave 
surface of some atmospheric mirror, and so re- 
flected back to the eyes of the spectators, from an 
opposite place — ^retaining exactly the same shape 
and proportions, but dilated in size : and what is 
wortny of attention, it was tinged with red, the 
very colour of the object of which it was the re- 
flected image. 

Such phenomena as we have now described, and 
the causes of them which science is able to unfold. 
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It is somewhat difficult to account for all the 
appearances here described ; but, in all probability, 
tbej are produced by a calm sea, and one or more 
strata of superincumbent air difiering in refractive 
and consequently in reflective power. At any rate 
reflection and refraction are some of the essential 
causes which operate in the production of the 
phenomena. 

The Mirage, seen in the deserts of Africa, is a 
phenomenon, in all probability produced by a 
similar cause. M. Monge, who accompanied the 
French army to Egypt, relates that, when in the 
desert between Alexandria and Cairo, the mirage 
of ihe blue sky was invertedj and so mingled with 
the sand below, as to give to the desolate and arid 
wilderness an appearance of the most rich and 
beautiful country. They saw, in all directions, 
green islands, surrounded with extensive lakes of 
pure, transparent water. Nothing could be con- 
ceived more lovely and picturesque than the land- 
scape. In the tranquil surface of the lakes, the 
trees and houses with which the islands were co- 
vered, were strongly reflected with vivid and varied 
hues, and the party hastened forward to enjoy the 
cool refreshments of shade and stream which these 
populous villages proffered to them. When they 
arrived, the lake on whose bosom they floated, the 
trees among whose foliage they were embowered, 
and the people who stood on the shore inviting 
their approach, had all vanished, and nothing re- 
mained but an uniform and irksome desert of sand 
and sky, with a few naked huts and ragged Arabs. 
Had they not been undeceived by their nearer ap- 
proach, there was not a man in the French army 
who would not have sworn that the visionary trees 
and lakes had a real existence in the midst of the 
desert. 
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It is not unlikely that phenomena of a new and 
different description from any we have hitherto 
observed, may be produced from the same causes 
to which we have adverted. A certain optical 
writer remarks — ' If the variation of the refrac- 
tive power of the air takes place in a horizontal 
line perpendicular to the line of vision, that is, 
from right to left, then we may have a lateral 
Mirage, that is, an image of a ship may be seen 
on the right or left hand of the real ship, or on 
both, if the variation of refractive power is the 
same on each side of the line of vision, and a fact 
of this kind was once observed on the Lake of 
Geneva. If there should happen at the same 
lime, both a vertical and a lateral variation of 
refractive power in the air, and if the variation 
should be such as to expand or elongate the object 
in both directions, then the object would be magni- 
fied as if seen through a telescope, and might be 
seen and recognized at a distance at which it 
would not otherwise have been visible. If the 
refracting power, on the contrary, varied, so as to 
construct the object in both directions, the image 
of it would be diminished as if seen through a 
concave lens. 

Jiemarkt and Reflection!, in reference to the 
phenomena described above. 

Such, then, are some of the striking and in- 
teresting effects produced by the retraction and 
the reflection of ihe rays of ught. As the forma- 
tion of the images of objects by convex lenses, 
lays the foundation of the construction of refract- 
ing telescopes and microscopes, and of all the 
discoveries they have brought to light, so the 
property of concave ^eeula, in forming similar 
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Light, aod in Him is no darkness at all-" It is 
a reprcsenUiive of Him who is exhibited in the 
Sacred oracles, as " The Sis of Rigbtcoiuness," 
and "the Light of the world." It is an emblem 
of the glories and felicities of that future world, 
where knowledge sliall be perfected, and happiness 
complete; for its inhabitanls are designated "the 
saiDU in light ; " and it is declared in Sacred his- 
tory, to bare been the first bom of created bemgs. 
In our lower world, its effects on the objects which 
surround us, and its influences upon aU sensitive 
bein^, are multifarious and highlv admirable. 
While passing from infinitude to infinitude, it 
reveals the depth and immensity of the heavens, 
the glory of the sun, the beauty of the stars, the 
arrangements of the planets, the rainbow encom- 
passing the sky witn its glorious circle, the 
embroidery of flowers, the rich clothing of the 
meadows, the valleys standing thick with com, 
" the cattle on a thousand hills," the rivers rolling 
through the plains, and the wide expanse of the 
bcean. But in other worlds the scenes it creates 
may be far more resplendent and magnificent. 
This may depend upon the refractive and reflec- 
tive powers with which the Creator has endowed 
the atmospheres of other planets, and the pecu- 
liar constitution of the various objects with which 
they are connected. It is evident, from what we 
already know of the reflection of light, that very 
■light modifications of certain physical principles, 
and very slight additions to the arrangements of 
our terrestrial system, might produce scenes of 
beauty, magnificence and splendour of which, at 
present, we can form no conception. And, it is 
not unlikely that by such diversities of arrange- 
ment, in other worlds, an injinite variety of natural 
scenery is produced throughout the universe. 
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In the arrangements connected with the planet 
Saturn, and the immense rings with which it is 
encompassed, and in the various positions which 
its satellites daily assume with regard to one 
another, to the planet itself, and to these rings — 
there is, in all probability, a combination of re- 
fractions, reflections, light, and shadows, which 
produce scenes wonderfully diversified, and sur- 
passing in grandeur what we can now distinctly 
conceive. In the remote regions of the heavens, 
there are certain bodies composed of immense 
masses of luminous matter, not yet formed into 
any regular system, and which are known by the 
name of Nebuke. What should hinder us from 
supposing that certain exterior portions of those 
masses form speculums of enormous size, as some 

Sarts of our atmosphere are sometimes found to 
o ? Such specula may be conceived to be hundreds 
and even thousands of miles in diameter, and 
that they may form images of the most distant 
objects in the heavens, on a scale of immense 
inagnitude and extent, and which may be reflected, 
in all their grandeur, to the eyes of intelligences at 
a vast distance. And, if the organs of vision of 
such beings, be far superior to ours in acutenesb 
^ and penetrating power, they may thus be enabled 
to take a survey of an immense sphere of vision, 
and to descry magnificent objects at distances the 
niost remote from the sphere they occupy. What- 
ever grounds there may be for such suppositions, 
it roust be admitted, that all the knowledge we 
have hitherto acquired respecting the operation of 
light, and the splendid effects it is capable of pro- 
ducing, is small indeed, and limited to a narrow 
circle, compared with the immensity of its range, 
the infinite modifications it may undergo, and the 
wondrous scenes it may create in regions of crea- 

G 
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tioQ to which human eyes have never yet pene- 
trated, — and which may present to view ohjectaof 
brilliancy and magnificence such as, " Eye hath 
not yet seen, nor ear heard, nor hath it entered 
into the heart of man to conceive." 
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rays thst fall upon it; and, on the contrary, a 
body that appears white reflects the greater part 
of the rays iDdiscrimiuately without separating the 
one from the other. 

Before proceeding to describe the experiments 
by which the above results were obtained, it may 
be proper to Rive some idea of the form and effects 
of the Prim by which such experiments are made. 
This instrument is triangular and straight, and 
generally about three or four inches long. It is 
commonly made of white glass, as free as possible 
from veins and bubbles, and other similar defects, 
and is solid throughout. Its lateral faces, or sides, 
should be perfectly plane and of a fine polish. 
The angle formed by the two faces, one receiving 
the ray of light that is refracted io the instrument, 
and the other affording it an issue on its returning 
into the air, is called the refracting angle of the 
prism, as ACB, (fig. SI.) The manner in which 
Newton performed his experiments, and established 
the discovery to which we have alluded, is as follows. 

In the window-shutter EG, (fig. 81.) of a dark 
room, a hole F, was made, of about one third of 
an inch diameter, and behind it was placed a glass 
prism ACB, so that the beam of light, SF, pro- 
ceeding directly from the sun was made to pass 
through the prism. Before the interposition of 
the prism, the beam proceeded in a straight line 
towards T, where it formed a round white spot ; 
but being now bent out of iu course by the prism, 
it formed an oblong image OP, upon the white 
pasteboard, or screen LM, containing the seven 
colours marked in the figure — the red being the 
leait, and the violet the mott refracted from the 
original direction of the solar beam, ST. This 
oblong image is called the pritmatic tpactrun. 
If the refracting angle of the prism ACB, be 64 
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called all the seven colours nmple or homogeneous, 
in opposition to white light, which he called com- 
poand OT heterogeneous. With the prism which 
this philosopher used he found the lengths of the 
colours and spaces of the spectrum to he as 
follows: Red, 45; Orange, 27; Yellow, 40; 
Green, 60; Blue, 60; Indigo, 48; Violet, 80: 
or 360 in all. But these spaces vary a little with 
prisms formed of different substances, and as they 
are not separated by distinct limits, it is difficult 
to obtain any thing like an accurate measure of 
their relative extents. Newton examined the 
ratio between the sines of incidence and refrac- 
tion of these decompounded rays (see p. 30,) 
and found that each of the seven primary colour- 
making rays, had certain limits within which they 
were confined. Thus let the sine of incidence in 
glass be divided into 50 equal parts, the sine of 
refraction into air of the leatt refrangible, and 
the mott refran^ble raya will contain respectively 
77 and 78 such parts. The sines of refraction of 
all the degrees of red will have the intermediate 
degrees of magnitude, from 77 to 77 one-eighth ; 
Orange from 77 one-eighth to 77 one-fifth ; Yellow 
from 77 one-fifth to 77 one-third ; Green from 77 
one-third to 77 one-half; Bltte from 77 one-half 
to 77 two-thirds ; Indigo from 77 two-thirds to 77 
seven-ninths; and Violet from 77 seven-ninths to 78. 
From what has been now stated, it is evident 
that, in proportion as any part of an optic glass 
bears a resemblance to the form of a prism, the 
component rays that pass through it must be 
necessarily separated, and will consequently paint 
or tinge the object with colours. The edges of 
every convex lens approach to this form, and it is 
on this account that the extremities of objects 
when viewed through them are found to be tinged 
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pasteboard, as ABEF, (fig. S3.) and paint one 
half ABCD red, the otber half CF, violet or 
indigo; and tying black threads across it, set it 
near the flame of a candle G, then take a lens 
HI, and holding a sheet of whiu paper behind it, 
move it backwards and forwards upon the edge of 
a graduated ruler, till you see the black threads 
most distinctly in the image, and you will find the 
focus of the violet fe, much nearer than that 
of the red ac, which plainly shows that bodies of 
difierent colours can never be depicted by convex- 
lenses, without some degree of confusion. 

The quantity of dispersion of the coloured rays 
in convex lenses depends upon the focal length 
of the glass; the space which the coloured imi^es 
occupy being about the twenty-eighth part. Thus 
if the lens be twenty-eight inches focal distance, 
the space between Rr and Vv (fig 82) will be 
about one inch ; if it be twenty-eight feet focus, 
the same space will he about one foot, and so on 
in proportion. Now, when such a succession of 
images formed by the different coloured rays, is 
viewed through an eye-glass, it will seem to form 
but one image, and consequently very indisUnct, 
and tinged with various colours, and as the red 
figure Rr is largest, or seen under the greatest 
angle — the extreme parts of this confused image 
will be red, and a succession of the prismatic 
colours wilt be formed within this red fringe, as is 
generally found in common refracting- telescopes, 
constructed with a single object-glass. It is owing 
to this circumstance that the common refracting 
telescope cannot be much improved without baring 
recourse to lenses of a very long focal distance ; 
and hence, about 150 years ago, such telescopes 
were constructed of 80, and 100, and 120 feet in 
length. But stilt the image was not formed so 



loS THE PRACTICAL A^TKONOMEK. 

ISG, but mot tf r.'.'jif^(^a'i\5 hc-d'us. These ra_v» 
bare been calird ir,ri*\jlf soIat rars. Tbey were 
about bal/ an inch iioMi tte commeDt^menl of the 
red rays; at a greater distance from this point (be 
heat began to diminish, but was xerr perceptible 
even at the distance of 1| incb. He determined 
that the heating poner of the red to that of the 
green rayi, was 2} to I, and 3^ to I, in red 
to violet. He afterwards made experiments to 
collect those invisible calori&c rsTs, and caused 
tbem to act independentlT of the light, from 
which be concluded that they are sut£cient to 
account for all the effects produced by the solar 
rays in exciting heat ; that ihey are capable of 
passing through glass, and of being refracted and 
reflected, after they have been finally detached 
from the solar beam. 

M, Ritter of Jena, 'NVoUaston, Beckman and 
others, have found that the rays of the spectrum 
are possessed of certain chemical properliei — that 
beyond the least brilliant extremity, Damely, a 
little beyond the violet ray, there are inritible rays 
which act chemically, while they have neither the 
power of heating nor illuminating bodies. Muriate 
of silver exposed to the action of the red rays 
becomes blackish ; a greater effect b produced by 
the yellow : a still gre&ter by the violet, and the 
greatest of all by the invuible rays beyond the 
violet. When phosphorus ia exposed to the action 
of the invisible rays beyond the red, it emiu white 
fumes ; but the invisible rays beyond the violet 
extinguish them. The influence of these rays 
is daily seen iu the change produced upon vegeta- 
ble colours, which fade, when frequently exposed 
to the direct influence of the sum. What object 
they are destined to accomplish in the general 
economy of nature, is not yet distinctly known ; 
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He discovered that the spectrum is covered with 
dark and coloured lines, parallel to one another, 
and perpendicular to the length of the spectrum ; 
and he counted no less than 590 of these lines. In 
order to observe these lines, it is necessary to use 
prisms of the most perfect construction, of very 
pure glass, free of veins — to exclude all extrane- 
ous light, and even to stop those rays which form 
the coloured spaces, which we are not examining. 
It is necessary also to use a magnifying instru- 
ment, and the fight must enter and emerge from 
the prism at equal angles. One of the important 

[practical results of this discovery is, that those 
ines are fixed points in the spectrum, or rather, 
that they have always the same position in the 
coloured spaces in which they are found. Fra- 
unhofer likewise discovered in the spectrum pro- 
duced by the light of Venus, the same streaks, as 
in the solar spectrum ; in the spectrum of the 
light of Sirius, he perceived three large streaks 
which, according to appearance, had no resem- 
blance to those of the light of the sun ; one of 

nary talenta, be wag soon laued from the lowest station in a manu- 
fiictarinii; establiahment to the direction of the opHecU department of 
the bosmesa, in which he originally laboured as an ordinary workman. 
He then applied the whole power of his mind to the perfection of the 
achromatic telescope, the dtfects of which in reference to the optical 
properties of the materials nsed — ^he attempted to remedy ; and^by a 
senes of admirable experiments, succeeded in giving to optical deter- 
minations, the precision of astronomical obserrationSf surpassing, in 
this respect all who had gone before him, except perhaps, the illustri- 
ous Newton. It was in the course of these researches, that he was 
led to the important discovery of the dark lines which occur in the 
solar spectrum. His achromatic telescopes an scattered over Europe, 
and are the largest and best that have hitherto been constructed. He 
died at Munich, at a premature age, in 1826: his death, it is said 
being accelerated by the unwholesome nature of the processes employed 
in his glass-house ; leaving behind him a reputation rarely attained 
by one so yonng. His Memoir " On the refractive and dispersive 
fwwer of dmerent species of glass, in refennce to the improvement of 
Achromatic telescopes, and an account of the lines on the spectrum,** 
will be found in the " Edinbuigh PhiloMphical Journal,** Vol ix. pp. 
288—299, and VoL x. pp. 26—40, for I82S-4. 
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ing to orange near G ; GF orange, inclining to 
illow near F ; FE yellow, inclining to green near 
; ED green, inclining to blue near D; DC blue, 
inclining to indigo near C ; CB indigo, inclining 
to violet Dear B ^ and BA violet, inclining to a 
toft red near A, This dane, paint all that part 
of the board black which lies within the inner 
circle; and putting an axis through the centre of 
the board, let it be turned swiftly round that axis,' 
ao that the rays proceeding from the above colour, 
may be all blended and mixed together in coming 
to the eye. Then the whole coloured part will 
appear like a white ring a little grayish — not per- 
fectly white, because no art can prepare or lay on 
perfect colours, in all their delicate shades, as found 
in the real spectrum. 

That all the colours of light, when blended to- 
gether in their proper proportions, produce a pure 
while is rendered certain by the following expe- 
riment. Take a large convex glass, and place it 
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onnge, and ereiy object, whether njitunl or aiti- 
ficial, appears of that colour which its peculuu 
texture if fitted to reflect. A great number of 
bodies ore fitted to reflect at once tcTera) kinds of 
rays, and of consequence thej appear under nixed 
colours. It maj even happen, that of two bodies 
which should be green, for example, one may 
reflect the pure green of light, and the other the 
mixture of yellow and blue. This quality, which 
varies to infinity, occasions the difierent kinds of 
rays to unite in every possible manner, and every 
possible proportion ; and hence the inexhaustible 
variety of shades and hues which nature has 
diffused over the landscape of the world. When 
a body absorbs nearly all the light which reaches 
it, that body appears btack. It transmits to the 
eye so few reflected rays that it is scarcely per- 
ceptible in itself, and its presence and form naake 
no impreasioD upon us, unless as it interrupts the 
brightness of the surrounding space. Black is, 
therefore, the absence of all the coloured rays. 

It is evident, then, tfaat all the various assem- 
blages of colours which we see in the objects 
around us, are not in the bodiet themtelvet, but 
in the light which falls upon them. There is no 
colour inherent in the grass, the trees, the fruits, 
and the flowers, nor even in the moat splendid and 
variegated dress that adorns a lady. All such 
objects are as destitute of colour, in themselves, 
as bodies which are placed in the centre of the 
earth, or as the chaotic materials out of which our 
globe was formed, before light was created. For 
where there is no light, there is no colour. £veiy 
object is black, or without colour, in the dark, 
and it only appears coloured as soon as light 
renders it visible. This is further evident bom 
the following experimeut. If we place a coloured 



ON TH£ COLOURS OF NATURAL OBJECTS. 139 

body in one of the colours of the spectrum which 
is formed by the prism, it appears of the colour 
of the rays in which it is placed. Take, for ex* 
ample, a red rose, and expose it first to the red 
rays, and it will appear of a more brilliant ruddy 
hue. Hold it in the blue rays, and it appears no 
longer red, but of a dingy blue colour, and 
in like manner its colour will appear diife- 
rent, when placed in all the other differently 
coloured rays. This is the reason why the colours 
of objects are essentially altered by the nature of 
the light in which thej are seen. The colours 
of ribbons and various pieces of silk or woollen 
stuff are not the same when viewed by candle-light 
as in the day time. In the light of a candle or a 
lamp, blue often appears green, and yellow objects 
assume a whitish aspect. The reason is that the 
light of a candle is not so pure a white as that 
of the sun, but has a yellowish tinge, and there* 
fore, -when refracted by the prism, the yellowish 
rays are found to predominate, and the superabun- 
dance of yellow rays gives to blue objects a green- 
ish hue. 

The doctrine we are now illustrating is one 
which a great man v persons, especially among the 
fair sex, find it difiicult to admit. They cannot 
conceive it possible that there is no colour really 
inherent in their splendid attire, and no tints of 
beauty in their countenances. 'What,' said a 
certain lady, ' are there no colours in my shawl, 
and in the ribbons that adorn my head-dress — 
andj are we all as black as negroes in the dark ; I 
should almost shudder to think of it.' Such 
persons, however, need be in no alarm at the idea ; 
but may console themselves with the reflection, 
that, when they are stripped of all their coloured 
ornaments in Uie dark, they are certain that they 
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SECT. 3. — PHENOMENA OF THE RAINBOW. 

Since the rays of light are found to be decom- 
posed by refracting surfaces, and reflected in an 
infinite variety of modes and shades of colour, we 
need not be surprised at the changes produced in 
any scene or object by the intervention of another, 
and by the numerous modifications of which the 
primary colours of nature are susceptible. The 
vivid colours which gild the rising and the setting 
sun, must necessarily differ from those which adorn 
its noon-day splendour. Variety of atmospheric 
scenery will thus necessarily be produced, greater 
than the most lively fancy can well imagine. The 
clouds will sometimes assume the most fantastic 
forms, and at other times will be irradiated with 
beams of light, or, covered with the darkest 
hues, will assume a lowering aspect, prognose 
tive of the thunder's roar and the lightning's 
flash — ^all in accordance with the different rays 
that are reflected to our eyes, or the quantity 
absorbed by the vapours which float in the at- 
mosphere. 

Light, which embellishes with so much magni- 
ficence a pure and serene sky, by means of innu- 
merable bright starry orbs which are spread over 
it, sometimes, in a dark and cloudy sky, exhibits 
an ornament which, by its pomp, splendour and 
variety of colours, attracts the attention of every 
eye that has an opportunity of beholding it. At 
certain times, when there is a shower either 
around us, or at a distance from us in an opposite 
quarter to that of the sun, a species of arch 
or bow is seen in the sky, adorned with all the 
seven primary colours of light. This phenomenon, 
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tions, I shall do little more than explain the 
general principle on which the prominent pheno- 
mena of the rainbow may be accounted for, and 
some of the facts and results which theory and 
observation have deduced. 

We have just now alluded to an experiment 
with a glass globe : —If, then, we take either a 
solid glass globe, or a hollow globe filled with 
water, and suspend it so high in the solar rays 
above the eye, that the spectator, with his back 
to the sun, can see the globe red ; — if it be 
lowered slowly, he will see it orange, then yellow, 
then green, then blue, then indigo, and then 
violet ; so that the drop at different heights, shall 
present to the eye the seven primitive colours in 
succession. In this case, the globe, from its 
form, will act in some measure like a prism, and 
the ray will be separated into its component parts. 
The following figure will more particularly illus* 
trate this point. Suppose A (fig. 35.) to repre* 
sent a drop of rain — which may be considered as 
a globe of glass in miniature, and will produce 
the same effect on the rays of light — and let Sd 
represent a ray from the sun falling upon the 
upper part of the drop at D, At the point of 
entering the drop, it will suffer a re&action, and 
instead of going forward to o, it will be bent to n. 
From N a part of the light will be reflected to q 
—some part of it will, of course, pass through the 
drop. By the obliquity with which it falls on the 
side of the drop at q, that part becomes a kind of 
prisms, and separates the ray into its primitive 
colours. It is found by computation that, after a 
ray has suffered two refractions and one reflectioni 
as here represented, the least refrangible part of 
it, namely the red ray, will make an angle with 
the incident solar ray of 4^ 9f, as Sfq ; and the 
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bow in the form of a complete circle below him. 
We have at present described the phenomena 
only of a single drop ; but it is to be considered 
that in a shower of rain there are drops at all 
heights and at all distances ; and therefore the eve 
situated at o will see all the different coloim. All 
those drops that are in a certain position with 
respect to the spectator will reflect the red rays, 
all those in the next station the orange, those in 
the next the green, and so on with regard to all 
the other colours. 

It appears, then, that the first or primary bow 
is formed by two refractions and one reflection ; 
but there is frequently a second bow, on the out- 
side of the other, which is considerably fainter. 
This is produced by drops of rain above the drop 
we have supposed at A. If B (fig. 35.) represent 
one of these drops, the ray to be sent to tne eye 
enters the drop near the bottom, and auSers ttoo 
refractiofw and two reflectiotu, by which means 
the colours become reversed, that is, the violet is 
lowest in the exterior bow, and the red is lowest 
in the interior one, and the other colours are 
reversed accordingly. The ray T is refracted at 
R : a part of it is reflected nota s to t, and at t 
it suflers another reflection from T to u. At the 

Joints s and T part of the ray paasei through the 
rop on account of its transparency, towards w 
and X, and therefore we say that part only of the 
ray is reflected. By these losses and reflections the 
exterior bow becomes faint and Ill-defined in 
comparison of the interior or primary bow. In 
this case the upper part of the secondary how will 
not be seen when the sun is above 54° Iff above 
the horizon ; and the lower part of the how will 
not be seen when the sun is 60<> 58' above the 
horizon. 
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than 42 degrees, and less than 54^, the exterior 
bow may be seen though the interior bow is invisi- 
ble. 8. Sometimes only a portion of an arch will 
be visible while all the other parts of the bow are 
invisible. This happens when the rain does not 
occupy a space of sufficient extent to complete 
the bow ; and the appearance of this position, and 
even of the bow itself, will be various, according 
to the nature of the situation, and the space 
occupied by the rain. 

The appearance of the rainbow may be pro- 
duced by artificial means, at any time when the 
sun is shining and not too highly elevated above 
the horizon. This is effected by means of arti- 
ficial fountains or Jet ieauM^ which are intended to 
throw up streams of water to a great height. 
These streams, when they spread very wide, and 
blend together in their upper parts, form, when 
falling, a shower of artificial rain. If, then, when 
the fountain is playing, we move between it and 
the sun, at a proper distance from the fountain, till 
our shadow point directly towards it, and look at 
the shower, — we shall observe the colours of the 
rainbow, strong and vivid ; and, what is particu- 
larly worthy of notice, the bow appears, notwith- 
standing the nearness of the shower, to be as 
large, and as far off, as the rainbow which we see 
in a natural shower of rain. The same experi- 
ment may be made by candle-light, and with any 
instrument that will form an artificial shower. 

Lunar Hainbatvs. — A lunar bow is sometimes 
formed at night by the rays of the moon striking 
on a rain-cloud, especially when she is about the 
full. But such a phenomenon is very rare. Aris- 
totle is said to have considered himself the first 
who had seen a lunar rainbow. For more than a 
hundred years prior to the middle of the last cen- 



156 THE PRACTICAL A3TRONOHER. 

The rainbow is an object which has engaged 
universal attention, and its beautiful colours and 
form have excited universal admiration. The 

Eoets have embellished their writings with man; 
eautiful allusions to this splendid meteor; and 
the playful school-boy, while viewing the ' bright 
enchantment,' has frequently run ' to catch the 
falling glory.' When its arcli rests on the oppo- 
site aides of a narrow valley, or on the summits of 
two adjacent mountains, its appearance is both 
beautiful and grand. In all probability, its figure 
first su^ested the idea of arckei, which are now 
found of so much utility in forming aqueducts and 
bridges, and for adorning the architecture of 
palaces and temples. It is scarcely possible seri- 
ously to contemplate this splendid phenomenon, 
without feeling admiration and gratitude towards 
that wise and beneficent Being, whose hands have 
bent it into so graceful and majestic a form, and 
decked it with all the pride of colours. " Look ' 
upon the rainbow," says the son of Sirach,* and 
praise Kim that made it : very beautiful it is in 
the brightness thereof. It compasseth the heaven 
about with a glorious circle, and the hands of the 
Most High have bended it." To this grand ethe- 
rial how, the inspired writers frequently allude 
as one of the emblems of the majesty and splen- 
dour of the Almighty. In the prophecies of 
Ezekiel, the throne of Deity is represented as 
adorned with a brightness " like the appearance 
of the bow that is in the cloud in the day of rain 
— the appearance of the likeness of the glory of 
Jehovah. ' And, in the visions recorded in the 
Book of the Revelations, where the Most High is 
represented as sitting upon a throne ; " there was 
a rainbow round about the throne, in sight like 
■ Eccleuatticu* xliiL U, 12. 
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SECT. 4. RBPLECTIONa OM THE BEAUTY AND 

UTILITY OF COLOURS. 

Colour is one of the properties of light which 
constitutes, chiefly, the beauty and sublimity of 
of the universe. It is colour, in all its diversified 
shades, which presents to our view that almost in- 
finite variety of aspect which appears on the scene 
of nature, which gives delight to the eye and the 
imagination, and which adds a fresh pleasure to 
every new landscape we behold. Every flower 
which decks oar fields and gardens is compounded 
of different hues ; every plain is covered with 
shrubs and trees of different degrees of verdure ; 
and almost every mountain is clothed with herbs 
and grass of different shade from those which 
appear on the hills and landscape with which it is 
surrounded. In the country, during summer, 
nature is every day, and almost every hour, vary- 
ing her appearance, by the multitude and variety 
of her hues and decorations, so that the eye wan- 
ders with pleasure over objects continually diversi- 
fied, and extending as far as the sight can reach. 
In the flowers with which every landscape is 
adorned, what a lovely assemblage of colours, and 
what a wonderful art in the disposition of their 
shades 1 Here, a light pencil seems to have laid on 
the delicate tints ; there, they are blended according 
to the nicest rules of art. Although green is the 
general colour which prevails over the scene of 
sublunary nature, yet it is diversified by a thou- 
sand different shades, so that every species of tree, 

btfbra, it would tent tbt purpOH of a lign equally well, u if it bed 
i !_. . ......^ (bnned for tfaii porpmie, sod exon better, u iti 
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tropical countries, according to St. Pierre, the 
clouds roll themselvea up into enormoua mBsses as 
white as snow, and are piled upon each other, like 
the Cordeliers of Peru, and are moulded into the 
shapeof mountains, of caverns and of rocks. When 
the sun sets behind this magniGcent aerial net-work, 
a multitudeofluminousrays are transmitted through 
each particular interstice, which produce such 
an effect, that the two sides of the lozenge illumi- 
nated by them, have the appearance of being begirt 
with a fillet of gold ; and the other two which 
are in the shade, seem tinged with a superb 
ruddy orange. Four or five divergent streams 
of light, emanating from the setting sun up 
to the zenith, clothe with fringes of gold the un- 
determinate summits of this celestial barrier, and 
proceed to strike with the reflexes of their fires 
the pyramids of the collateral aerial mountains, 
which then appear to consist of silver and vermi- 
lion. — In short, colour diversifies every sublunary 
scene, whether on the earth or in the atmosphere, 
it imparts a beauty to the phenomena of falling 
stars, of luminous arches, and the coruscations of 
the Aurora Borealis, and gives a splendour and 
sublimity to the spacious vault of heaven. 

Iiet us now consider for a moment, what would 
be the aspect of nature, if, instead of the beautiful 
variety of embellishments which now appear on 
every landscape, and on the concave of the sky, — 
onff uniform colour had been thrown over the 
scenery of the universe. Let us conceive the 
whole of terrestrial nature to be covered with 
snow, so that not an object on earth should appear 
with any other hue, and that the vast expanse of 
the firmament presented precisely the same uni- 
form aspect. What would be the consequence ? 
The light of the sun would be strongly reflected 
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on a pure white ground, they would not be distiQ- 
guished from that ground, and would consequently 
be invisible, unless any of them occasionally as- 
lumed a diSerent colour. Of course, all that 
beautiful variety of aspect which now appears on 
the face of sublunary nature — the rich verdure of 
the fields, the stately port of the forest, the rivers 
meandering through the valleys, the splendid hues 
that diversify and adorn our gardens and meadows, 
the gay colouring of the morning and evening 
clouds, and all that variety which distinguishes the 
different seasons, would entirely disappear. As 
every landscape would exhibit nearly the same 
aspect, there would be no inducement to the poet 
and the philosopher to visit distant countries to 
investigate the scenes of nature, and journeyings 
from one region to another would scarcely be pro- 
ductive of enjoyment. Were any other single 
colour to prevfuf, nearly the same results would 
entne. Were a deep ruddy hue to be uniformly 
spread over the scene of creation, it would not 
only be offensive to the eye, but would likewise 
prevent all distinction of objects. Were a dark 
blue or a deep violet to prevail, it would produce 
a similar effect, and at the same time, present the 
scene of nature as covered with a dismal gloom. 
Even if creation were arrayed in a robe of green, 
which is a more pleasant colour to the eye — were 
it not diversified with the different shades it now 
exhibits, every object would be equally undistin- 
guishable. 

Such would have been the aspect of creation, 
and the inconveniences to which we should 
have been subjected, had the Creator afforded us 
light without that intermixture of colours which 
now appears over all nature, and which serves to 
discriminate one object from another. £ven our 
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the instrumentalit; of colours, as soon as we open 
our eyes. 

Id short, without colour, we could have bad no 
books nor writings : we could neither have corres- 
ponded with our friends by letters, nor have known 
any thing with certainty, of the events which 
happened in former ages. No written revelation 
of tne will of God, and of his character, such aa 
we now enjoy, could have been handed down to 
us from remote periods and generations. The 
discoveries of science, and the improvetnenta of 
art, would have remained unrecorded. Universal 
ignorance would have prevailed throughout the 
world, and the human mind have remained in a 
state of demoralization and debasement. All 
these, and many other incouveniences and evils 
would have inevitably followed, had not God 
painted the rays of light with a diversity of colours. 
And hence we may learn, that the most important 
scenes and events in the universe, may depend 
upon the existence of a single principle in nature, 
and even upon the most minute circumstances, 
which we may be apt to overlook, in the arrange- 
ments of the material world. 

In the existing state of things in the visible 
creation, we cannot hut admire the "Wisdom and 
Beneficence of the Deity, in thus enabling us to 
distinguish objects by so easy and expeditious a 
mode as that t^ colour, which in a moment, discri- 
nates every object and its several relations. We 
rise in the morning to our respective employments, 
and our food, our drink, our tools, our books, and 
whatever is requisite for our comfort, are at once 
discriminated. Without the least hesitation or 
uncertainty, and without any perplexing process 
of reasoning, we can lay our hands on whatever 
articles we require. Colour clothes every object 
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throughout all the worlds in the universe. The 
colours displayed in the solar beams are common 
to all the globes which compose the planetary 
system, and must necessarily be reflected, in alt 
these divereified hues, from objects on their sur- 
faces. The light which radiates from the fixed 
stars diaplays a similar diversity of colours. Some 
of the double stars are found to emit light of 
different hues ; — the larger star exhibiting light of 
a ruddy or orange hue, and the smaller one a 
radiance which approaches to blue or green. There 
is therefore reason to conclude, that the objects 
connected with the planets which revolve round 
such stars — being occasionally enlightened by suns 
of different hues — will display a more variegated 
and splendid scenery of colouring than is ever 
beheld in the world on which we dwell ; and that 
one of the distinguishing characteristics of dif- 
ferent worlds, in regard to their embellishments, 
may consist in the splendour and variety of colours 
with which the objects on those surfaces are 
adorned. In the metaphorical description of the 

§ lories of the New Jerusalem, recorded in the 
look of Revelation, one of the chief characteris- 
tics of that city is said to consist in the splendour 
and diversity of hues with which it is adorned. 
It ia represented as " coming down from heaven, 
prepared at a bride adorned for her hutband," 
and as reflecting all the beautiful and variegated 
colours which the finest gems on earth can exhibit ; 
evidently indicating, that splendour and variety 
of colouring are some of the grandest features of 
celestial scenery. 

On the whole, the subject of colours, when 
seriously considered, is calculated to excite us to 
the adoration of the goodness and intelligence of 
that Almighty Being whose wisdom planned all 
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Being *' whose Spirit garnished the heavens and 
laid the foundations of the earth/' and whose 
" merciful visitation" sustains us every moment 
in existence. But the revelation of God to 
our senses, through the various objects of the ma- 
terial world, has become so familiar, that we are 
apt to forget the Author of all our enjoyments, 
even at the moment when we are investigating his 
works and participating of his benefits. " O that 
men would praise Jehovah for his goodness, and 
for his wonderful works towards the children of 



men. 
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vision, as if thej were only a few yards from our 
eye, and that thousands of august objects in the 
heavens, which had been concealed from mortals 
for numerous ages, should be brought within the 
limits of our contemplation, and be as distinctly 
perceived, as if we had been transported many 
millions of miles from the space we occupy, 
through the celestinl regions. The celebrated 
Huygens remarks, in reference to this instrument, 
that, in his opinion, ' the wit and industry of man 
has not produced any thing so noble and so worthy 
of his faculties as this sort of knowledge ; (namely 
of the telescope) insomuch that if any particular 
person had been so diligent and sagacious as to 
invent this instrument from the principles of 
nature and geometry, — for my part, I should have 
thought his abilities were more than human ; but 
the case is so far from this, that the most learned 
men have not yet been able sufficiently to explain 
the reason of the effects of this casual invention.' 
The persons who constructed the first telescopes, 
and the exact period when they were first inrented, 
are involved in some degree of obscurity. It 
does not certainly appear that such instruments 
were known to the ancients, although we ought 
not to be perfectly decisive on this point. The 
cabinets of the curious contain some very ancient 
gems, of admirable workmanship, the figures on 
which are so small, that they appear beautiful 
through a magnifying glass, but altogether con- 
fused and indistinct to the naked eye : and, there- 
fore, it may be asked, if they cannot be vtetoed, 
how could they be wrought, without the assistance 
of glasses ? And as some of the ancients have 
declared that the moon has a form like that of the 
earth, and has plains, hills, and valleys in it, — how 
could they know this — unless by mere conjecture, 
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made it was not aware of the importance of his 
discovery.* 

It is not improbable that different persons 
about Middleburgh hit upon the invention, in 
different modes, about the same time. Lippersheim 
seems to have made his first rude telescope by 
adjusting two glasses on a board, and supporting 
them on brass circles.f Other workmen, parti- 
cularly Melius and Jansen, in emulation of each 
other, seem to have made use of that discovery, 
and by the new form they gave it, made all the 
honour of it their own. One of them, considering 
the effects of light as injurious to distinctness, 
placed the glasses in a tube blackened within. 
The other, still more cautious, placed the same 
glasses within tubes capable of sliding one in 
another, both to vary the prospects, by lengthen- 
ing the instrument, accormng to the pleasure of 
the observer, and to render it portable and com- 
modious. Thus, it is probable that different 
persons had a share in the invention, and jointly 
contributed to its improvement. At any rate, it 
is undoubtedly to the Dutch that we owe the 
original invention. The first telescope made by 
Jansen, did not exceed fifteen or sixteen inches in 
length, and therefore its magnifying power could 
not have been very great. 

The famous Galileo has frequently been sup- 
posed to have been the inventor of the telescope, 
but he acknowledges that he had not the honour 
of being the original inventor, having first learned 

* Thooffh Borellns mentiont this circunutance, yet there is some 
reason to aoabt the accuracy of this statement, as young Jansen ap> 
pears to hare been at that period, not more than six years old : so that 
It is more probable that Galileo was the first discoverer of Jnpiterli 
satellites. 

f The reader may see an engreying of this instmment in the 
aathor*s work entitled ' the Improvmmi i^Sodety.'^p, 209. 
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it to the Doge at Veoice, who, to do him honour 
for his grand ioTeDtioii, gave him the ducal letten 
which settled him for life in his lectureship at 
Padua ; and the Republic, on the twenty-fifth of 
August in the same year (1610) more than tripled 
his salary as professor.' 

The following is the account which this philo- 
sopher gives of the process of reasoning, which 
led him to the construction of a telescope : — ' I 
argued in the following manner. The contrivance 
consists either of one glass or more— one is not 
sufficient, since it must be either convex, concave, 
or plane ; the last does not produce any sensible 
alteration in objects, the concave diminishes 
them ; it is true that the convex magnifies, but it 
renders them confused and indistinct; consequently 
one glass is insufficent to produce the desired 
effect. Proceeding to consider two glasses, and 
bearing in mtnd that the plane glass causes no 
change, I determined that the instrument could 
not consist of the combination of a plane glass 
with either of the other two. I therefore applied 
myself to make experiments on combinations of 
the two other kinds ; and thus obtained that of 
which I was in seanji.* If the true inventor is 
the person who makes the discovery by reasoning 
and refiection, by tracing facts and principles to 
their consequences, and by applying his invention 
to importantpurposes, then, Galileo may be con- 
sidered as the real inventor of the telescope. No 
sooner had he constructed this instrument — before 
he had seen any similar one — than he directed his 
tube to the celestial regions, and bis unwearied 
diligence and ardour were soon rewarded bya series 
of new and splendid discoveries. He descried 
the four satellites of Jupiter, and marked the 
periods of their revolutions ; he discovered the 
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may be instructivey to consider to what a length 
of absurdity, ignorance and prejudice carried many 
of those who made pretensions to learning and 
science. Some tried to reason against the facts 
alleged to be discovered, others contented them- 
selves, and endeavoured to satisfy others, with the 
simple assertion that such things were not, and 
could not possibly be ; and the manner in which 
they supported themselves in their incredulity 
was truly ridiculous. * O my dear Kepler,' says 
Galileo in a letter to that astronomer, * how I wish 
we could have one hearty laugh together. Here 
at Padua is the principal professor of philosophy, 
whom I have repeatedly and urgently requested 
to look at the moon and planets through my glass, 
which he pertinaciously refuses to do, lest his opi- 
nions should be overturned. Why are you not 
here ? what shouts of laughter we should have at 
this glorious folly ! and to hear the professor of 
philosophv at Pisa labouring with the Grand 
Duke with logical arguments, as if with magical 
incantations, to charm the new planets out of the 
sky.' Another opponent of Galileo, one Christ- 
mann, says in a book he published, * We are not 
to think that Jupiter has four satellites given him 
by nature, in order, by revolving round him, to 
immortalize the Medici who first had notice of 
the observation. These are the dreams of idle 
men, who love ludicrous ideas better than our 
laborious and industrious correction of the hea- 
vens. Nature abhors so horrible a chaos ; and to 
the truly wise, such variety is detestable** One 
Martin Horky, a would-be philosopher, declared 
to Kepler, 'I will never concede his four new 
planets to that Italian from 'PeidvLa, though I should 
die for it;' and he followed up this declaration, by 
publishing a book against Galileo, in which he 
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over, the satellites are invisible to the naked eje, 
and therefore can exert no influence on the earth, 
and therefore would be useless, and therefore do 
not exist. Besides, as well the Jews as other 
ancient nations have adopted the division of the 
week into seven days, and have named them firom 
the seven planets. Now, if we increase the num- 
ber of the planets, this whole system falls to the 
ground/ The opinions which then prevailed in 
regard to Galileo's observations on the moon, were 
such as the following : — Some thought that the 
dark shades on the moon's surface arose from the 
interposition of opaque bodies floating between 
her and the sun, which prevent his light from 
reaching those parts ; others imagined that, on 
account of her vicinity to the earth, she was partly 
tainted with the imperfections of our terrestrial 
and elementary nature, and was not of that 
entirely pure and refined substance of which the 
more remote heavens consist : and a third party 
looked on her as a vast mirror, and maintained 
that the dark parts of her surface were the re* 
fleeted images of our earthly forests and mountains. 
Such learned nonsense is a disgrace to our 
spedies, and to the rational faculties with which 
man is endowed, and exhibits, in a most ludicrous 
manner, the imbecility and prejudice of those 
who made bold pretensions to erudition and philo- 
sophy. The statement of such facts, however, 
may be instructive, if they tend to guard us against 
those prejudices and pre-conceived opinions, which 
prevent the mind from the cordial reception of 
truth, and from the admission of improvements in 
society which run counter to long-established cus- 
toms. For the same principles and prejudices, 
though in a difierent form, still operate in society 
and retard the improvement of the social state, 
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the march of science, and the progress of Chris- 
tianity. How ridiculous is it for a man, calling 
himself a philosopher, to be afraid to look through 
a glass to an existing object in the heavens, lest it 
should endanger his previous opinions ! And how 
foolish is it to resist any improvement or reforma- 
madon in society, because it does not exactly 
accord with existing opinions, and with 'the 
wisdom of our ancestors.' 

It is not a little surprising, that Galileo should 
have first hit on that construction of a telescope 
which goes by his name, and which was formed 
with a concave glass next the eye. This construc- 
tion of a telescope is more difficult to be under- 
stood, in theory, than one which is composed 
solely of convex glasses; and its field of view is com- 
paratively very small, so that it is almost useless 
when attempted to be made of a great length. 
In the present day, we cannot help wondering that 
Galileo and other astronomers, should have made 
such discoveries as they did with such an instru- 
ment, the use of which must have required a great 
degree of patience and address. Galileo's best 
telescope, which he constructed 'with great 
trouble and expense,^ magnified the diameters of 
objects only thirty-three times ; but its length is 
not stated — which would depend upon the focal 
distance of the concave eye-glass. If the eye* 
glass was two inches focus, the length of the in- 
strument would be five feet four inches ; if it was 
only one inch, the length would be two feet eight 
inches, which is the least we can allow to it — the 
object-glass being thirty-three inches focus, and 
the eye-glass placed an inch within this focus. 
With this telescope, Galileo discovered the satel- 
lites of Jupiter, the crescent of Venus, and the 
other celestial objects to which we have already 
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CHAPTER 11. 



OF THE CAMERA OBSCTJRA. 

Before proceeding to a particular description of 
the different kinds of telescopes, 1 shall first give 
a brief description of the Camera Obscure, as 
the pbenomeiia exhibited by this instrument tend 
to illuatrate the principle of a refracting telescope. 
The term Camera Obscura literally signifies a 
darkened vault or roof; and hence it came to de- 
note a chamber, or box, or any other place made 
dark for the purpose of optical experiments. The 
camera obscura, though a. simple, is yet a very 
curious and noble contrivance ; as it naturally and 
clearly explains the manner in which vision is 
performed, and the principle of the telescope, and 
entertains the spectator with a moat exquisite pic- 
ture of surrounding objects, painted in the most 
accurate proportions and colours by the hand of 
nature. The manner of exhibiting the pictures 
of objects in a dark room is as follows : — In one 
of the window -shutters of a room which com- 
mands a good prospect of objects not very distant, 
a circular hole should be cut of four or five inches 
diameter. In this hole an instrument should be 
placed, called a Scioptric hall, which has three 
parts, a frame, a ball, and a lens. The ball has 
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tions of Raphael, the natural tints and colouring 
of Titian, and the shadowing of the Venetians, 
are hut coarse and sorry dauhlngs, when set in 
competition with what nature can exhibit bj the 
rays of light passing through a single lens. The 
Camera obscura is at the same time the painter's 
assistant, and the painter's reproach. From the 
picture it forma he receives his best instructions, 
and is shown what he should endeavour to attain ; 
and hence, too, he learns the imperfections of his 
art, and what it is impossible for him to imitate. 
As a proof of this, the picture formed in the dark 
chamber will bear to be magnified to a great ex- 
tent, without defacing its beauty, or injuring the 
fineness of its parts ; but the finest painted land- 
scape, if viewed through a high magnifier will 
appear only as a coarse daubiog. 

The following scheme will illustrate what has 
been now stated respecting the dark chamber. 
EF represents a darkened room, in the side of 
vrbich, JK, is made the circular hole V, in which, 
on the inside, is fixed the scioptric ball. At some 
considerable distance from this hole is exhibited 
a landscape of houses, trees, and other objects, 
ABCD, which are opposite to the window. The 
rays which Sow firom the different objects which 
compose this landscape, to the lens at V, and which 
pass through it, are converged to their respective 
foci, on the opposite wall of the chamber HG or 
on a white moveable screen placed in the focus of 
the lens, where they all combine to paint a lively 
and beautiful picture of the range of objects 
directly opposite, and on each side, so far as the 
lens can take in. 

Though I have said, that a scioptric ball and 
socket are expedient to be used in the above ex- 
periment, yet where such an instrument ia not at 
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obscure in a darkened chamber, it is requisite that 
the following particulars beattended to : — 1, That 
the lens be well figured, and free trom any veins 
or blemishes that might distort the picture. S. 
That it be placed directly agaitut the object whose 
image we wish to see distinctly delineated. S. 
The lens should be of a proper size both as to its 
breadth and focal dbtance. It should not be less 
than three or four feet focal distance, otherwise the 
picture will be too small, and the parts of objects 
too minute to be distinctly perceived ; nor should 
it exceed fifteen or eighteen feet, as in this case 
the picture will be faint, and of course not so 
pleasing. The best medium as to focal distance, 
IS from five to eight or ten feet. The aperture, 
too, or breadth of the glass, should not be too 
small, otherwise the image will be obscure, and 
the minute parts of it invisible for want of a suffi- 
cient quantity of light. A lens of six feet focal 
distance, for example, will require an aperture of 
at least two inches. Lenses of a shorter focal 
distance require less apertures, and those of a 
longer focal distance larger. But if the aperture 
be too large, the image will be confiised, and in- 
distinct, by the admission of too much light. 4. 
We should never attempt to exhibit the images 
of objects, unless when the sun is shining and 
strongly illuminating the objects, except in the 
case of very near objects placed in a good lighL 
As one of the greatest beauties, in the pheno- 
mena of the dark chamber, consists in the exqui- 
site appearance and contrast of light and shadows, 
nothing of this kind can be perceived but from 
objects directly illuminated by the sun. 6. A 
south window should never be used in the fore- 
noon, as the sun cannot then enlighten the north 
side of an object ; and besides, his rays would be 
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The following additional circumstances may be 
stated respecting the phenomena exhibited in the 
dark chamber. A more critical idea may be 
formed of any movement in the picture here pre- 
sented than from observing the motion of the 
object itself. For instance, a man walking in a 
picture appears to have an undulating motion, or 
to rise up and down every step he takes, and the 
hands seem to move almost exactly like a pendu- 
lum ; whereas scarcely any thing of this kind is 
observed in the man himself, as viewed by the 
naked eye. Again, if an object be placed just 
twice the focal distance from the lens without 
the room, the image will be formed at the 
same distance from the lens within the room, 
and consequently will be equal in magnitude 
to the object itself. The recognition of this 
principle may be of use to those concerned in 
drawing, and who may wish, at any time, to 
form a picture of the exact size of the object. 
If the object be placed further from the lens than 
tvrice its focal length, the image will be less than 
the object. If it be placed nearer, the image will 
be greater than the life. In regard to immoveable 
objects, such as houses, gardens, trees, &c., we may 
form the images of so many different sizes, by 
means of different lenses, the shorter focus making 
the lesser picture, and the longer focal distance the 
largest. 

The experiments with the camera obscura, may 
likewise serve to illustrate the nature of vision, 
and the functions of the human eye. The frame 
or socket of the scioptric ball may represent the 
orbit of the natural eye. The ball, which turns 
every way, resembles the globe of the eye, move- 
able in its orbit. The hole in the ball may repre- 
sent the pupil of the eye ; the convex lens cor- 
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representation of the object, near the sides, will 
be somewhat distorted ; to remedy which, the image 
ahould be received on a concave surface, as ab or 
PS. This is the general plan of those Camera 
Obscuras, fitted up in large wooden tents, which 
are frequently exhibited in our lai^e cities, and 
removed occasionally &om one town to another. 
Were an instrument of this kind fitted up on a 
tmall scale, a hole might be made in one of the 
sides, as at E, where the eye could be applied 
to view the picture. The focal distances of the 
lenses used in Urge ioBtruments of this kind, are 
generally from eight to twelve feet, in which case 
they produce a telescopic effect upon distant objects. 
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80 as to make them appear nearer than whei 
viewed with the naked eye* 

The camera obscura is frequently constructei 
in a portable form, so as to be carried about fo 
the purpose of delineating landscapes. The fol 
lowing is a brief description of the instrument it 

flffure 39l 




this form. AC is a convex lens placed near the 
end of a tube or drawer, which is moveable in the 
side of a square box, within which is a plane 
mirror DE, reclining backward in an angle of 
forty-five degrees from the perpendicular pn. 
The pencils of rays flowing from the object OB, 
and passing through the convex lens — instead of 
proceeding forward and forming the image HI, 
are reflected upward by the mirror, and meet in 
points as FCr, at the same distance at which they 
would have met at H and I, if they had not been 
intercepted by the mirror. At FO, the image of 
the object OB is received either on a piece of 
oiled paper, or more frequently on a plane un- 
polished glass, placed in the horizontal situation 
jPO, which receives the images of all objects, 
opposite to the lens, and on which, or on an oiled 
paper placed upon it, their outlines may be traced 
by a pencil. The moveable tube on which the 

K2 



sides within, and having a lid to shut it up close 
— and a square board lai^e enough to hold the 
drawing, and having catches at the side to keep it 
steadj. 
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when the plate is sufficiently hot, a white coating 
will be observed on the silver, which indicates that 
that part of the operation is finished. An even 
cold surface is next wanted, such as a metallic 
plate cooled almost to the freezing point by 
muriate of soda, and to this the heated plate must 
be suddenly transferred. 

2. The next operation is to give the plate a 
coating of Iodine. This is accomplished by fix- 
ing the plate upon a board, and then putting it 
into a box containing a little dish with iodine 
divided into small pieces, with its face downward, 
and supported with small brackets at the comers. 
In this position, the plate must remain till it as- 
sume a full gold colour, through the condensation 
of the iodine on its surface — ^which process should 
be conducted in a darkened apartment. The re- 
quisite time for the condensation of the iodine 
varies from five minutes to half an hour. When 
this process is satisfactorily accomplished, the 
plate should be immediately fixed in a frame with 
catches and bands, and placed in the Camera ; and 
the transference from one receptacle to another 
should be made as quickly as possible, and with 
only so much light as will enable the operator to 
see what he is doing. 

3. The next operation is to obtain the drawing. 
Having placed the Camera in front of the scene 
to be represented, and the lens being adjusted to 
the proper focus, the ground-glass of the Camera 
is withdrawn, and the prepared plate is substi- 
tuted for it ; and the whole is left till the natural 
images are drawn by the natural light from the 
object. The time necessary to leave the plate for 
a complete delineation of the objects, depends upon 
the intensity of the light. Objects in the shade 
will require more time for their delineation than 
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mended by Mr. Talbot, F.R.S.y who appears, 
about the same time, to have invented a process 
somewhat similar to that of Daguerre. The fol- 
lowing are his directions for the preparation of 
Photogenic Paper. 

The paper is to be dipped into a solution of 
salt in water, in the proportion of half an ounce 
of salt to half a pint of water. Let the super- 
fluous moisture drain off, and then, laying the 
paper upon a clean cloth, dab it gently with a 
napkin, so as to prevent the salt collecting in one 
spot more than another. The paper is then to 
be pinned down by two of its corners on a draw- 
ing board, by means of common pins, and one 
side washed or wetted with the Photogenic fluid, 
using the brush prepared for that purpose, and 
taking care to distribute it equally. Next dry 
the paper as rapidly as you can at the fire, and it 
will be fit for use for most purposes. If, when 
the paper is exposed to the sun's rays, it should 
assume an irregular tint, a very thin extra wash 
of the fiuid will render the colour uniform, and at 
the same time somewhat darker. Should it be 
required to make a more sensitive description of 
paper, after the first application of the fluid, 
the solution of salt should be applied, and the 
paper dried at the fire. Apply a second wash of 
the fluid, and dry it at the fire again : employ the 
salt a third time, dry it, — and one application more 
of the fluid will, when dried, have made the paper 
extremely sensitive. When slips of such papers, 
differently prepared, are exposed to the action of 
day light, tnose which are soonest aficcted by the 
light, by becoming dark, are the best prepared. 

When photogenic drawings are finished in a 
perfect way, the designs then taken on the plate 
or paper are exceedingly beautiful and correct. 
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millions upon millions of hiert^lyphica whicli cover 
even the exterior of the great monuments of 
Thebes and Memphis, of Carnac, &c., would 
require scores of years and legions of designers. 
By the. assistance of the Daguerreotype, a single 
man could finish that immense work.' — This 
instrument lays down objects, which the visaal 
organs of man would overlook, or might be unable 
to perceive, with the same minuteness and nicety, 
that it delineates the most prominent features of 
a landscape. The time-stained excrescences on a 
tree, the blades of grass, the leaf of a rose, the 
neglected weed, the moss on the summit of a lofty 
tower, and similar objects, are traced with the 
same accuracy as the larger objects in the sur- 
rounding scene. 

It is not improbable, likewise, that this art (still 
in its infancy) when it approximates to perfection, 
may enable us to take representations of the sub- 
lime objects in the heavens. The sun affords 
sufficient light for this purpose ; and there appears 
no insurmountable obstacle in taking, in this way, 
a highly magnified picture of that luminary, 
which shall be capable of being again magnified 
by a powerful microscope. It is by no means 
improbable, from experiments that hare hitherto 
been made, that we may obtain an accurate 
delineation of the lunar world firom the moon her- 
self. The plated disks prepared by Daguerre 
receive impressions from the action of the lunar 
rays to such an extent as permits the hope that 
photographic charts of the moon may soon be 
obtained ; and, if so, they will excel in accuracy all 
the delineations of this orb that have hitherto been 
obtained ; and if they should bear a microscopic 
power, objects may be perceived on the lunar 
surface which have hitherto been invisible. Nor 
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is it impossible that the planets Venus, Mars, 
Jupiter and Saturn, may be delineated in this 
way, and objects discovered which cannot be 
descried by means of the telescope. It might 
perhaps be considered as beyond the bounds of 
probability to expect that even distant NebuUe, 
might thus be fixed, and a delineation of their 
objects produced which shall be capable of being 
magnified by microscopes. But we ought to con- 
sider that the art is yet only in its infancy — that 
plates of a more delicate nature than those 
hitherto used, may yet be prepared, and that 
other properties of light may yet be discovered, 
which shall facilitate such designs. For, we ought 
now to set no boundaries to the discoveries of 
science, and to the practical applications of 
scientific discovery which genius and art may 
accomplish. 

In short, this invention leads to the conclusion^ 
that we have not yet discovered all the wonderful 
properties of that Luminous Agent which per- 
vades the universe, and which unveils to us its 
beauties and sublimities — and that thousands of 
admirable objects and agencies may yet be dis- 
closed to our view through the medium of light, 
as philosophical investigators advance in their 
researches and discoveries. In the present 
instance, as well as in many others, it evidently 
appears, that the Creator intends, in the course 
of his providence, by means of scientific researches, 
gradually to open to the view of the inhabitants of 
our world the wonders, the beauties and the sub- 
L'mities of his vast creation, to manifest his infinite 
wisdom, and his superabundant goodness, and to 
raise our souls to the contemplation and. the love 
of Him who is the original source of all that is 
glorious and beneficent in the scene of nature* 
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CHAPTER III. 



ON THE OPTICAL ANGLE, AND THE APPARENT 

MAGNITUDE OF OBJECTS. 

In order to understand the principle on which 
telescopes represent distant objects as magnified, 
it may be expedient to explain what is meant by 
the angle of vision, and the apparent magnitudes 
under which different objects appear, and the same 
object, when placed at different distances. 

The optical angle is the angle contained under 
two right lines drawn £rom the extreme points of 

fjgnxt 40. 




an object to the eye. Thus AEB or CED (fig. 
40.) is the optical or visual angle, or the angle 
under which the object AB or CD, appears to the 
eye at E. These two objects, being at different 
distances, are seen under the same angle, although 
CD is evidently larger than AB. On the retina 
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of the eve, their images are exactly of the same 
size, and so is the still larger object FG. 

The apparent magnitude of objects denotes 
their magnitude as they appear to us, in contra- 
distinction from their real or true magnitude, and 
it is measured by the visual angle ; for whatever 
objects are seen under the same or equal angles 
appear equal, however different their real magni- 
tudes. If a half-crown or half-dollar be placed 
at about 1^ yards from the eye, it is just percep- 
tible as a visible point, and its apparent magnitude, 
or the angle under which it is seen, is very small. 
At the distance of thirty or forty yards^ its bulk 
appears sensibly increased, and we perceive it to 
be a round body ; at the distance of six or eight 
yards, we can see the king or queen's head engraved 
upon it ; and at the distance of eight or ten inches 
from the eye it will appear so large, that it will 
seem to cover a large building placed within the 
distance of a quarter of a mile, in other words, 
the apparent magnitude of the half-crown held at 
such a distance, will more than equal that of such 
a building, in the picture on the retina, owing to 
the increase of the optical angle. If we suppose 
A (fig. 41.) to represent the apparent sizepf the 
half-crown at nine yards distance, then we say it 

Jlffure 41. 
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49 times greater. If I hold up my finger at 9 
inches distant from my eye, it seems to cover a 
large town a mile and a half in extent, situated at 
8 miles distant ; consequently, the apparent mag- 
nitude of my finger, at 9 inches distant from the 
organ of vision, is greater than that of the large 
town at 3 miles distance, and forms a larger pic- 
ture on the retina of the eye. When I stand at 
the distance of a foot from my window, and look 
through one of the panes to a village less than 
a quarter of a mile distant, I see, through that 
pane, nearly the whole extent of the village, com- 
prehending two or three hundred houses ; conse- 
quently, the apparent magnitude of the pane is 
equal to nearly the extent of the village, and all 
the buildings it contains do not appear larger than 
the pane of glass in the window, otherwise, the 
houses and other objects which compose the 
village could not be seen through that single pane. 
For, if we suppose a line drawn from one end of 
the village, passing through the one side of the 
pane, and another line drawn from the other end, 
and passing through the other side of the pane to 
the eye, these lines would form the optical angle 
under which the pane of glass and the village 
appears. If the pane of glass be fourteen 
inches broad, and the length of the village 2640 
yards, or half a mile — this last lineal extent is 
6,788 times greater than the other, and yet they 
have the same apparent magnitude in the case 
supposed. 

Hence we may learn the absurdity and futility 
of attempting to describe the extent of spaces in 
the heavens, by saying, that a certain phenomenon 
was two or three feet or yards distant from an- 
other, or that the tail of a comet appeared several 
yards in length. Such representations can convey 
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enough to the eye, might appear under an angle 
as great as an elephant at the distance of twenty 
feet, and the one be mistaken for the other. A 
giant eight feet high, seen at the distance of twenty- 
four feet, would not appear taller than a child two 
feet in height, at the distance of six feet; for 
both would be seen nearly under the same angle. 
But our experience generally prevents us from 
being deceived by such illusions. By the help of 
touch, and by making allowance for the different 
distances at which we see particular objects, we 
learn to correct the ideas we might otherwise form 
from attending to the optical angle alone, espe- 
cially in the case of objects that are near us. ^y 
the sense of touch we acquire an impression of the 
distance of an object; this impression combines 
itself with that of the apparent magnitude, so that 
the impression which represents to us the real 
magnitude is the product of these two elements. 
When the objects, however, are at a great distance, 
it is more difficult to form a correct estimate of 
their true magnitudes. The visual angles are so 
small, that they prevent comparison; and the 
estimated bulks of the objects depend in a great 
measure upon the apparent magnitudes ; ^nd thus 
an object situated at a great distance, appears to 
us much smaller than it is in reality. We also 
estimate objects to be nearer or farther distant 
according as they are more or less clear, and our 
perception of them more or less distinct and well 
defined ; and likewise, when several objects inter- 
vene between us and the object we are particularly 
observing. We make a sort of addition of all 
the estimated distances of intermediate objects, in 
order to form a total distance of the remote object, 
which in this case appears to be farther off than 
if the intervening space were unoccupied. It is 
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CHAPTER IV. 



There are two kinds of telescopes, corresponding 
to two modes of vision, namely, those which per- 
form their office by refraction through lenses, and 
those which magnify distant objects by refiection 
from mirrors. The telescope which is constructed 
with lenses, produces its edecta solely by refracted 
light, and is called a Dioptric, or refracting teles- 
cope. The other kind of telescope produces its 
effects partly by reflection, and partly hy refrac- 
tion, and is composed both of mirrors and lenses ; 
but the mirrors form the principal part of the 
telescope ; and therefore such instruments are 
denominated reflecting telescopes. In this chapter 
I shall describe the various kinds of refracting 
telescopes. 



SECT 1. THE GALILEAN TELESCOPE. 

This telescope is named after the celebrated 
Galileo, who first constructed, and probably 
invented it in the year 1609. It consists of only 
two glasses, a convex glass next the object, and a 
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length of the object-glass to that of the eye-glass, 
that is, as CF to BF. Thus, suppose the focus 
of the object-glass to he 10 inches, and the focus 
of the eye-glass to be 1 inch, the magnifying 
power will be 10 times — which is always found by 
dividing the focal length of the object-glass by 
that of the eye-glass. The interval between the 
two glasses, in this case, will be 9 inches, which is 
the length of the telescope, and the objects seen 
through it will appear under an angle nine times 
greater than they do to the naked eye. These 
propositions might be proved mathematically ; but 
the process is somewhat tedious and intricate, and 
might not fully be understood by general readers. 
I shall therefore only mention some of the general 
properties of this telescope, which is now seldom 
used, except for the purpose of opera-glaues. 

1. The focal distance of the object-glass must 
be greater than that of the eye-glass, otherwise it 
would not magnify an object : if the focal distance 
of the eye-glass were greater than that of the 
object-glass, it would diminish objects, instead of 
magnifying them. 2, The visible area of the 
object is greater, the nearer the eye is to the 
glass ; and it depends on the diameter of the pupil 
of the eye, and on the breadth of the object-glass ; 
consequently the field of view in this telescope is 
very small. 3. The distinctness of vision in this 
construction of a telescope exceeds that of almost 
any other. This arises from the rays of light pro- 
ceeding from the object directly through the 
lenses, without crouing or intersecting each other ; 
whereas in the combination of convex lenses, they 
intersect one another to form an image in the 
focuB of the object-glass, and this image is magni- 
fied by the eye-glass with all its imperfections and 
diatOTtions. The thinness of the centre of the 
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SECT. 2. — THE COMMON ASTRONOMICAL 
REFRACTING TELESCOPE. 

The astronomical telescope is the most simple 
construction of a telescope, composed of convex 
lenses only, of which there are but two essentially 
necessary, though a third is sometimes added to 
the eye-piece for the purpose of enlarging the 
field of view. Its construction will be easily 
understood from a description of the following 
figure. Its two essential parts are, an object- 
glass AD, and an eye*glass EY, so combined in 
a tube that the focus F of the object-glass is 
exactly coincident with the focus of the eye- 
glass. Let OB (fig. 44.) represent a distant ob- 
ject, from .which rays nearly parallel proceed to 

figure a. 
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the object-lens AD. The rays passing through 
this lens will cross at F, and form an image of the 
object at IM. This image forms as it were an 
object to the eye-glass EY, which is of a short 
focal distance, and the eye is thus enabled to con- 
template the object as if it were brought much 
nearer than it is in reality. For the rays, which 
after crossing proceed in a divergent state, fall 
upon the lens EY, as if they proceeded from a real 
object situated at F. All that is effected there- 
fore, by such a telescope is^ to form an image of 
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telescope, all objects will appear inverted ,- since 
the object OB is depicted by the object-glass in 
an inverted position at IM, and in this position 
is viewed by the eye-glass EY ; and, therefore 
this kind of telescope is not well adapted for view- 
ing terrestrial objects, since it exhibits the tops 
of trees, houses, and other objects as undermost, 
and the heads of people as pointing downwards. 
£ut this circumstance is of no consequence with 
respect to the heavenly bodies, since they are 
round, and it can make little difierence to an ob- 
server which side of a globular body appears 
uppermost or undermost. All astronomical 
refracting telescopes invert objects; but they are 
preferred to any other telescopes, because they 
have few glasses, and consequently more light. 
This telescope however, can be transformed into 
a common day telescope for land objects, by the 
addition of two other eye-glasses, as we shall 
afterwards explain ; but in this case a quantity of 
light is lost by refraction at each lens ; for there 
is scarcely any transparent substance that trans- 
mils all the rays of light that fall upon it. 

The magnifying power of this telescope is 
found by dividing the focal distance of the object- 
glatM by the focal distance of the eye-glatt : the 
quotient gives the magnifying power, or the num- 
ber of times that the object seen through the 
telescope, appears larger or nearer than to the 
naked eye. Thus, for example, if the focal dis- 
tance of the object-glass be 9,% inches, and the 
focal distance of the eye-glass 1 inch, the magnify- 
ing power will be S8 times. If we would enlarge 
the telescope and select an object-glass 10 feet, or 
130 inches focus, an eye-glass of ^ inches focal 
length might be applied, and then the diameter 
of objects would be magnified 60 times, and their 
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construction of all the other kinds of telescopes, 
whether refracting or reflecting. A small astro- 
nomical telescope can be constructed in a few 
moments, provided one has at hand the following 
lenses: — 1. A common reading-glass, eight or ten 
inches focal distance ; 2, A common magnifying 
lens, such as watchmakers or botanists use, of 
about li or 2 inches focus. Hold the reading- 
glass — suppose of ten inches focus — in the left 
hand opposite any object, and the magnifying lens 
of two inches focus, in the right hand near the 
eye, at twelve inches distance from the other in a 
direct line, and a telescope is formed which mag- 
nifies five times. I have frequently used this 
plan, when travelling, when no other telescope was 
at hand. 



SECT. 3.— THE AERIAL TELESCOPE. 

The Aerial is a refracting telescope of the kind 
we have now described, intended to be used without 
a tube in a dark night ; for the use of a tube is 
not only to direct the glasses, but to make the 
place dark where the images are formed. It 
appears from the preceding table inserted above, 
that we cannot obtain a high magnifying power, 
with the common astronomical telescope, without 
making it of an extreme length, in which case the 
glasses are not manageable in tubes — which are 
either too slight and apt to bend, or too heavy and 
unwieldy if made of wood, iron or other strong 
materials. The astronomers of the seventeenth 
century, feeling such inconveniences in making 
celestial observations with long tubes, contrived a 
method of using the glasses without tubes. Hart- 
socker, an eminent optician, contrived to fix them 
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And to find an object more readily, a broad annu- 
lu8 of white pasteboard was put over tbe tube 
that carried the eye-glasa ; upon which the image 
of the object being painted, an aaaistant wbo 
perceived it, might direct the tube of the eye-glas8 
into iu place. 

Such was the construction of the telescopes with 
which Hevelius, Huygens, Cassini, and other 
eminent astronomers of the seveoteentb centurv 
made their principal discoveries. With such 
telescopes, Huygens discovered the fourth satellite 
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of Saturn^ and determined that this planet was 
surrounded with a ring ; and with the same kind 
of instrument Cassini detected the first, second, 
thirds and fifth, satellites of Saturn, and made his 
other discoveries. When the night was very dark, 
they were obliged to make the object-glass visible, 
by means of a lantern so constructed as to throw 
th erays of light up to it in a parallel direction. 
In making such observations, they must have 
taken incredible pains, endured much cold and 
fatigue, and subjected themselves to very great 
labour and expense — which almost makes us 
wonder at the discoveries they were instrumental 
in bringing to light — and should make modem 
philosophers sensible of the obligations they are 
under to such men as Newton and DoUond, through 
whose inventions such unwieldy instruments are 
no longer necessary* Telescopes of the descrip- 
tion now stated were made of all sizes, from 30 
to above 1^ feet in length. Divini at Rome, 
and Campani at Bologna, were famed as makers 
of the object-glasses of the long focal distance to 
which we have alluded, who sold them for a great 
price, and took every method to keep the art of 
making them a secret. It was witn telescopes 
made by Campani, that Cassini made his discove- 
ries. They were made by the express order of 
Louis XI V, and were of 86, 100, and 136 Paris 
feet in focal length. M. Auzout made one object- 
glass of 600 feet focus ; but he was never able to 
manage it, so as to make any practical observa- 
tions with it. Hartsocker is said to have made 
some of a still greater focal length. The famous 
aerial telescope of Huygens was 123 feet in focal 
length, with six inches of aperture. At his death, 
he bequeathed it to the Royal Society of London, 
in whose possession it still remains. It required 
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the object glass, which fomu the image IM in its 
focuB, which i«, of coune, in «n inverted position, 
«nd, if the eye were applied at the len* EE, the 
object would appear, exactly aa through the astro- 
nomical teleKopc, every object being apparently 
turned upiide down. To remedy this incon- 
venience, there are added two other glasses FF 
and GO, by which a second image is formed from 
tlio first, in the same position as the object. In 
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order to effect this, the first of these two glasses, 
namely FF, is placed at twice its focal distance 
from tlie former glass EE, and the other lens 6G, 
next the eye, is placed at the same distance &om 
FF. For all the three glasses are supposed to be 
of the same focal distance. Now, the lens FF, 
being placed at twice the focal distance for parallel 
rays from EE, receives the pencils of parallel 
rays after they have crossed each other at X, and 
forms an image at $ m similar to that at IM and 
equal to it, but contrary in position, and con*» 
sequently erect; which last image is viewed by 
the lens OG, in the same manner as the first 
image IM would be viewed by the lens EE. In 
this case, the image IM is considered as an ob^ 
ject to the lens FF of which it forms a picture 
in its focus, in a reverse position from that of the 
first image, and of course, in the same position as 
the object. 

The magnifying power of this telescope is deter- 
mined precisely in the same way as that of the 
astronomical telescope. Suppose the object-glass 
to be thirty inches focal distance, and each of the 
eye-glasses 11 inch focal distance, the magnifying 
power is in the proportion of 30 to 1^, or 20 times, 
and the instrument is, of course, considerably 
longer than an astronomical telescope of the same 
power. The distance, in this case, between the 
object-glass and the first eye-glass EE is 31^ 
inches ; the distance between EE, and the second 

flass FF, is 3 inches, and the distance between 
'F and the glass GG next the eye, 3 inches; 
in all 37i inches, the whole length of the telescope. 
Although it is usual to make use of three eye- 
glasses in this telescope, yet two will cause the 
object to appear erect, and of the same magnitude. 
For suppose the middle lens FF taken away, if 
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the first lens EE be placed at X, which is double 
its focal distance from the image IM, it will at 
the same distance X m, on the other side, form a 
secondary image i m equal to the primary image 
IM, and also in a contrary position. But such a 
combination of eye-glasses produces a great degree 
of colouring in the image, and therefore is seldom 
used. Even the combination now described, con- 
sisting of three lenses of equal focal distances, is 
now almost obsolete, and has given place to a much 
better arrangement consisting of four glasses, of 
different focal distances — which shall be afterwards 
described. 

The following figures, 48, 40, 50 represent the 
manner in which the rays of light are refracted 
through the glasses of the telescopes we have now 
descrioed. Pig. 48 represents the rays of light as 
they pass from the object to the eye in the Gali- 
lean telescope. After passing in a parallel direc- 
tion to the object-glass, they are refracted by that 
glass, and undergo a slight convergence in passing 
towards the concave eye-glass, where they enter 
the eye in a parallel direction, but no image is 
formed previous to their entering the eye, till they 
arrive at the retina. Fig. 49 represents the rays 
as they pass through the glasses of the astronomi- 
cal telescope. The rays, after entering the object- 
glass, proceed in a conveiging direction, till they 
arrive at its focus, about A, where an image of the 
object is formed ; they then proceed diverging to 
the eye-glosa, where they are rendered parallel, 
and enter the eye in that direction. Fig. 50 re- 
presents the rays as they converge and diverge in 
passing through the four glasses of the common 
day-telescope described above. After passing 
through the object-glass, they converge towards 
B, where the first image is formed. They thea 
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SECT. 5. — TELESCOPE FORUED BY A SINGLE LENS. 

This is a species of telescope altogether un- 
noticed by optical writers, so far as 1 know ; nor 
has the property of a single lens in magnifying 
distant objects been generally adverted to or re- 
cognised. It may not therefore be inexpedient to 
state a few experiments which I have made in 
relation to this poinL When we hold a xpectacle- 
glass of a pretty long focal distance — say, from 20 
to 24 inches — close to the eye, and direct it to 
distant objects, they do not appear sensibly mag- 
nified. But if we hold the glass about 12 or 16 
inches from our eye, we shall perceive a sensible 
degree of magnifying power, as if distant objects 
were seen at less than half the distance at which 
they are placed. This property of a spectacle- 
glass I happened to notice when a boy, and, on 
different occasions since that period have made 
several experiments on the subject, some of which 
I shall here relate. 

With the object-glass of a common refracting 
telescope 4f feet focal distance, and 2i inches 
diameter, I looked at distant objects— my eye 
being at about 3| feet from the lens, or about 10 
or 12 inches within its focus — and it produced 
nearly the same effect as a telescope which mag- 
nifies the diameters of objects 5 or 6 times. With 
another lens 1 1 feet focal distance and 4< inches dia- 
meter — standing from it at the distance of about 
10 feet, I obtain a magnifying power of about 
12 or 14 times, which enables me to read the 
letters on the sign-posts of a village half a mile 
distant. Having some time ago procured a very 
large lens ^ feet focal distance, and 111 inches 
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diameter, I have tried with it various experiments 
of this kind upon different objects. Standing at 
the distance of about 25 feet from it, I can see 
distant objects through it magnified about 26 times 
in diameter, and consequently 676 times in surface^ 
and remarkably clear and distinct, so that I can 
distinguish the hour and minute hands of a public 
clock in a village two miles distant. This single 
lens, therefore answers the purpose of an ordinary 
telescope with a power of 26 times. In making 
such experiments our eye must always be ivithin 
the focus of the lens, at least 8 or 10 inches. 
The object will, indeed^ be seen at any distance 
from the glass within this limit ; but the magnify- 
ing power is diminished in proportion as we ap- 
proach nearer to the glass. Different eyes, too, 
will require to place themselves at different dis- 
tances, so as to obtain the greatest degree of mag- 
nifying power with distinctness, according as indi- 
viduals are long or short-sighted. 

This kind of telescope stands in no need of a 
tube, but only of a small pedestal on which it may 
be placed on a table, nearly at the height of the 
eye, and that it be capable of a motion in a per- 
pendicular or parallel direction, to bring it in a 
line with the eye and the object. The principle 
on which the magnifying power, in this case, is 
produced, is materially the same as that on which 
the performance of the Galilean telescope depends* 
The eye of the observer serves instead of the con- 
cave lens in that instrument ; and as the concave 
lens is placed as much within the focus of the 
object-glass, as is equal to its own focal distance, 
so the eye, in these experiments, must be placed 
at least its focal distance within the focus of 
the lens with which we are experimenting; 
and the magnifying power will be nearly in the 
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propor^on of the focal distance of the lens to the 
focal distance of the eye. If, for example, the 
focal distance of the eye, or the distance at which 
n>e see to read distinctly, be 10 inches, and the 
focal distance of the lens, 11 feet, the magnifying 
power will be as 11 feet, or 132 inches to 10, that 
u, about 13 times. Let A (fig. SI.) represent 




the lens placed on a pedestal ; the rays of light 
passing through this lens irom distant objects 
will convei^e towards a focus at F. If a person 
then, place his eye at £, a certain distance within 
the focal point, he will see distant objects magni- 
fied nearly in the proportion of the focal distance 
of the lens to that of the eye ; and when the lens 
id very broad — such as the S6 feet lens mentioned 
ahoTC — two or three persons may look through it 
at once, though they will not all see the same 
object. I have alluded above to a lens made by 
M. Azout of 600 feet focal distance. Were it 
possible to use such a lena for distant objecta, it 
might represent them as magnified 5 or 600 times, 
without the application of any eye-glass. In this 
way the aerial telescope of Huygens would mag- 
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formed of two different kinds of glass, by which 
both the spherical aberration and the errors 
arising from the different refrangibility of the Yays 
of light are, in a great measure corrected. For 
the explanation of the nature of this compound 
object glass and of the effects it produces ; it may 
be expedient to offer the following remarks 
respecting the dispersion of light and its refraction 
by different substances. 

The dispersion of light is estimated by the 
variable angle formed by the red and violet rays 
which bound the solar spectrum ; — or rather, it is 
the excess of the refraction of the most refrangible 
ray above that of the least refrangible ray. The 
dispersion is not proportional to the refraction— 
that is, the substances which have an equal mean 
refraction, do not disperse light in the same ratio. 
For example, if we make a prism with plates of 
glass, and fill it with oil of (Jassia, and adjust its 
refracting angle ACB, (fig. 81, p. 127,) so that the 
middle of the spectrum which it forms falls exactly 
at the same place where the green rays of a spec« 
trum formed by a glass prism would fall — then we 
shall find that the spectrum formed by the oil of 
Cassia prism will be two or three times longer 
than that of the glass prism. The oil of Cassia, 
therefore, is said to disperse the rays of light more 
than the glass, that is, to separate the extreme 
red and violet rays at O and P more than the 
mean ray at green, and to have a greater disper* 
sive power. Sir I. Newton appears to have made 
use of prisms composed of different substances, 
yet, strange to tell, he never observed that they 
formed spectrums, whose lengths were different, 
when the refraction of the green ray was the 
same ; but thought that the dispersion was pro- 
portional to the refraction. This error continued 
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to be overlooked by philosophers for a consider- 
able time, and was the cause of retarding the 
invention of the achromatic telescope for more 
than 50 jeers. 

Dollond was among the first who detected this 
error. By his experiments it appears, that the 
different kinds of glass diSer extremely with 
respect to the divergency of colours produced by 
equal refractions. He found that two prisms, 
one of white flint glass, whose refracting angle 
was about 25 degrees, and another of crown glass 
whose refracting angle was about 29 degrees, 
refracted the beam of light nearly alike ; but that 
the divergency of colour in the white flint was 
considerably more than in the crown glass ; so 
that when they were applied together, to refract 
contrary ways, and a beam of light transmitted 
through them, though the emergent continued 
parallel to the incident part, it was, notwithstand- 
ing, separated into component colours. From 
this he inferred, that, in order to render the 
emei^ent beam white, it is necessary that the 
refracting angle of the prism of crown glass should 
be increased, and by repeated experiments he dis- 
covered the exact quantity. By these means he 
obtained a theory in which refraction was per- 
formed without any separation or divergency of 
colour } and thus the way was prepared for apply- 
ing the principle he had ascertained to the con- 
struction of the object glasses of refracting teles- 
copes. For the edges of a convex and concave 
lens, when placed in contact with each other, may 
be considered as two prisms which refract contrary 
ways ; and if the excess of refraction in the one 
be such as precisely to destroy the divergency of 
colour in the other, a colourless image will be 
formed. Thus, if two lenses are made of the 
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same focal length, the one of flint glass and the 
other of crown, the length or diameter of the 
coloured image in the first will be to that produced 
by the crown glass, as 3 to S nearly. Now, if 
we make the focal lengths of the lenseB in this 
proportion, that is, as 3 to S, the coloured spec- 
tnim produced bj each will be equal. But if the 
flint lens be concave, and the crown convex — 
when placed in tontact — they will mutually cor- 
rect each other, and a pencil of white light 
refracted by the compound lens will remain 
colourless. 

The following figure may perhaps illustrate 
what has been now stated. Let LL (fig. 53.) 



represent a convex lens of crown glass, and II a. 
concave lens oi flint glass. A ray of the sun S, 
falls at F on the convex lens which will refract it 
exactly as the prism ABC, whose faces touch the 
two surfaces of the lens at the points where the 
ray enters and quits it. The solar ray, SF, thus 
refracted by the lens LL, or prism ABC, would 
have formed a spectrum PT on the wall, had there 
been no other lens, the violet ray F crossing the 
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axis of the lens at V, and going to the upper end 
P of the spectrum ; and the red ray FR, going to 
the lower end T. But as the Sint-glasa lens //, or 
the prism AoC which receives the rays FV, FR, 
at the same points, is interposed, these rays will 
he united at/, and forma small circle of white 
light ; the ray SF of the sun being now refracted 
without colour from its primitive direction SFY 
into the new direction F/. In like manner the 
corresponding ray SM will he refracted to/, and 
a white and colourless image of the sun will be 
there formed by the two lenses. In this combina- 
tion of lenses it is obvious that the spherical aber- 
ration of the flint lens corrects to a considerable 
degree that of the crown-glass, and by a proper 
adjustment of the radii of the surfaces, it may be 
almost wholly removed. This error is still more 
completely corrected in the triple achromatic 
object-glass, which consists of three lenses — a 
concave flint lens placed between convezes of 
crown glass. Fig. 54 shows the double achromatic 
lens, and fig. 55, the triple object-glass, as they 
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are fitted up in their cells, and placed at the object 
end of the telescope. In consequence of their 
producing a focal image free of colour they will 
bear a much larger aperture and a much greater 
magnifying power than common refracting teles- 
copes of the same length. While a common 
telescope whose object-glass is 3i feet focal dis- 
tance will bear an aperture of scarcely 1 inch, the 
8i feet Achromatic will bear an aperture of 3} 
inches, and consequently transmits lOi times the 
quantity of light* While the one can bear a mag- 
nifying power of only about 36 times, the other 
will bear a magnifying power for celestial objects 
of more than 200 times. 

The theory of the achromatic telescope is some- 
what complicated and abstruse, and would require 
a more lengthened investigation than my limits 
will permit. But what has been already stated 
may serve to give the reader a general idea of the 
principle on which it is constructed, which is all 
I intended. The term achromatic by which such 
instruments are now distinguished was first given 
to them by Dr. Bevis. It is compounded of two 
Greek words which signify^ * tree of colour.' 
And, were it not that even philosophers are not 
altogether free of that pedantry which induces us 
to select Greek words which are unintelligible to 
the mass of mankind, they might have been con- 
tented with selecting the plain English word 
colourhsif which is as significant and expressive as 
the Greek word achromatic. The crown-glass, 
of which the convex lenses of this telescope are 
made, is the same as good common window-glass ; 
and the Jlint-gltus is that species of glass of which 
wine-glasses, tumblers, decanters and similar 
articles are formed, and is sometimes distinguished 
by the name of crystal-glass. Some opticians 

M 2 
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have occasionally formed the concave lens of an 
achromatic object-glass from the bottom of a 
broken tumbler. 

This telescope was invented and constructed by 
Mr. John Dollond, about the year 1758. When 
he began his researches into this subject, he was a 
silk weaver in Spitalfields, London. The attempt 
of the celebrated Euler to form a colourless tele- 
scope, by including water between two meniscus 
glasses, attracted his attention, and, in the year 
1753, he addressed a letter to Mr. Short, the opti- 
cian, which was published in the Philosophical 
Transactions of London, ' concerning a mistake 
in Euler's theorem for correcting the aberrations 
in the object glasses of refracting telescopes. 
After a great variety of experiments on the re- 
fractive and dispersive powers of different sub- 
stances, he at last constructed a telescope in which 
nn exact balance of the opposite dispersive powers 
of the crown and flint lenses made the colours 
disappear, while the predominating refraction of 
the crown lens disposed the achromatic rays to 
meet at a distant focus. In constructing such 
object glasses, however, he had several difficulties 
to encounter. In the first place, the focal dis- 
tance as well as the particular surfaces must be 
very nicely proportioned to the densities or re- 
fractive powers of the glasses, which are very 
apt to vary in the same sort of glass made at 
different times. In the next place, the centers of 
the two glasses must be placed truly in the com- 
mon exia of the telescope, otherwise the desired 
effect will be ia a great measure destroyed. To 
these difficulties is to be added — that there are 
four surfaces (even in double achromatic object 
glasses) to be wrought perfectly spherical; and 
every person practised in optical operations will 
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allow, that there must be the greatest accuracy 
throughout the whole work. But these and other 
difficulties were at length overcome by the judg- 
ment and perseverance of this ingenious artist. 

It appears, however, that Dollond was not the 
only person who had the merit of making this 
discovery — a private gentleman, Mr. Chest, of 
Chest-hall, a considerable number of years be- 
fore, having made a similar discovery, and applied 
it to the same purpose. This fact was ascertained 
in the course of a process raised against Dollond 
at the instance of Watkins, optician at Charing- 
cross, when applying for a patent. But as the 
other gentleman had kept his invention a secret, 
and Dollond had brought it forth for the benefit 
of the public, the decision was given in his favour. 
There was no evidence that Dollond borrowed 
the idea from his competitor, and both were, to 
a certain extent, entitled to the merits of the 
invention. 

One of the greatest obstructions to the con- 
struction of large achromatic telescopes is, the 
difficulty of procuring large discs of flint glass 
of an uniform refractive density — of good colour, 
and free from veins. It is said that, fortunately 
for Mr. Dollond, this kind of glass was procura- 
ble when he began to make achromatic telescopes, 
though the attempts of ingenious chemists have 
since been exerted to make it without much suc- 
cess. It is also said, that the glass employed by 
Dollond in the fabrication of his best telescopes, 
was of the same melting, or made at the same 
time, and that, excepting this particular treasure, 
casually obtained, good dense glass for achromatic 
purposes, was always as difficult to be procured 
as it is now. The dispersion of the flint glass, 
too, is so variable, that, in formmg an achromatic 
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lens, trials on each specimen require to be made 
before the absolute proportional dispersion of the 
substances can be ascertained. It is owing, in a 
great measure, to these circumstances, that a large 
and good achromatic telescope cannot be procured 
unless at a very high price. Mr. Tulley of Isling- 
ton — who has been long distinguished as a maker 
of excellent achromatic instruments— showed me, 
about six years ago, a rude piece of flint glass 
about five inches diameter, intended for the con- 
cave lens of an achromatic object glass, for which 
he paid eight guineas. This was before the piece 
of glass was either figured or polished, and, con- 
sequently, he had still to perform the delicate 
operation of figuring, polishing, and adjusting this 
concave to the convex lenses with which it was to 
be combined ; and during the process some veins 
or irregularities might be detected in the flint 
glass which did not then appear. Some years be- 
fore, he procured a disc of glass from the conti- 
nent about seven or eight inches diameter, for 
which he paid about thirty guineas, with which 
an excellent telescope, twelve feet focal length* 
was constructed for the Astronomical Society of 
London. It is obvious therefore, that large achro- 
matic telescopes must be charged at a pretty high 
price. 

In order to stimulate ingenious chemists and 
opticians to make experiments on this subject, the 
Board of Longitude, more than half a century 
ago, oflTered a considerable reward for bringing the 
art of making good flint glass for optical purposes 
to the requisite perfection. But considerable difli- 
culties arise in attempting improvements of this 
kind ; as the experiments must all be tried on a 
very large scale, and are necessarily attended with 
a heavy expence. And although government has 
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been extremely liberal in voting money for warlike 
purposes, and in bestowing pensions on those who 
stood in no need of them, it has hitherto thrown 
an obstruction in the way of such experiments, by 
the heavy duty of excise, which is rigorously ex- 
acted, whether the glass be manufactured into 
saleable articles or not ; and has thus been instru- 
mental in retarding the progress of improvement 
and discovery. It would appear that experiments 
of this kind have been attended with more success 
in France, Germany, and other places on the 
continent, than in Britain; as several very large 
achromatic telescopes have been constructed in 
those countries by means of flint glass which was 
cast for the purpose in different manufactories, 
and to which British artists have been considerably 
indebted ; as the London opticians frequently pur- 
chase their largest discs of flint glass from Pari- 
sian agents. Guinaud, a continental experimenter^ 
and who was originally a cabinet maker, appears 
to have had his labours in this department of art 
crowned with great success* Many years were 
emploved in his experiments, and he too fre- 
quently, notwithstanding all his attention, dis- 
covered his metal to be vitiated by striae, spects or 
grains, with cometic tails. He constructed a fur- 
nace capable of melting two cwt of glass in one 
mass, which he sawed vertically, and polished one 
of the sections, in order to observe what had taken 

Elace during the fusion. From time to time, as 
e obtained blocks, including portions of good 
glass, his practice was to separate them by sawing 
the blocks into horizontal sections, or perpendi- 
cular to their axes. A fortunate accident con- 
ducted him to a better process. While his men were 
one day carrying a block of this glass, on a hand- 
barrow, to a saw mill which he had erected at the 
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haying obserred o- Ononis with fifteen companions, 
though Schroeter obsenred only twelve, that he 
could count with certainty. Nay, he seems dis- 
posed to place it in competition with the late Sir 
W. Herschel's forty feet reflector. The finder 
of this telescope has a focal distance of 30 French 
inches, and 2-4^ aperture. 

2. Sir James South's Telescope* — About the 
year 1829, Sir J. South, President of the London 
Astronomical Society, procured of M. Cauchoix 
of Paris, an achromatic object glass of 11^ inches, 
clear aperture, and of 19 feet focal length. The 
flint glass employed in its construction was the 
manufacture of the late Guinaud le Pere, and 
was found to be absolutely perfect. The first ob- 
servation was made with this telescope, while on a 
temporary stand, on Feb. 13, 1830, when Sir J. 
Herschel discovered with it a sixth star in the 
trapezium in the nebula of Orion, whose brightness 
was about one third of that of the fifth star dis- 
covered by Struve, which is as distinctly seen as 
the companion to Polaris is in a five feet achro- 
matic. Sir James gives the following notices of 
the performance of this instrument on the morning 
of May 14, 1830. * At half past two, placed the 
20 feet achromatic on the Georgium Sidus, saw 
it with a power of 846, a beautiful planetary disc ; 
not the slightest suspicion of any ring, either per- 
pendicular or horizontal ; but the planet three 
hours east of the meridian, and the moon within 
three degrees of the planet. At a quarter before 
three, viewed Jupiter with 252 and 346, literally 
covered with belts, and the diameters of his satel- 
lites might have been as easily measured as him- 
self. One came from behind the body, and the 
contrast of the colour with that of the planet's 
limb was striking. At three o'clock viewed Mars. 
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double object glass 6 inches diameter, which wag 
made by Mr. Feter Dallond, and the only one 
of that size he ever constructed. There is also a 
46 inch achromatic, with a triple object glass 3} 
inches aperture, which is said to be the most per- 
fect instrument of the kind ever produced. It 
was the favourite instrument of Dr. Maskelyne, 
late Astronomer Koyal, who had a small room 
fitted up in the observatory for this telescope. 
The observatory, some years ago erected near 
Cambridge, is perhaps the most splendid structure 
of the kind in Great Britain. It is furnished with 
several verv large achromatic telescopes on Equa- 
torial machinery : but the Achromatic telescope, 
lately presented to it by the Duke of Northum- 
berland, is undoubtedly the largest instrument of 
this description which is to be found in this 
country. The object glass is said to be 25 feet 
focal distance, and of a corresponding diameter, 
but as there was no access to this instrument at 
the time I visited this observatory, nearly six 
years ago, I am unable to give a particular de- 
scription of it. In the Royal Observatory at 
Paris, which I visited in 1837, I noticed, among 
other instruments, two very large Achromatic 
telescopes which, measuring them rudely by the 
eye — I estimated to be from 15 to 18 feet long, 
and the aperture at the object end, from IS to 15 
inches diameter. They were the largest achro- 
matics I had previously seen ; but I could find no 
person in the observatory at that time, who 
could give me any information as to their history, 
or to their exact dimensions, or powers of magni- 
fying.* 

* An BcbraiUBtic teteKopc uuid tab« in poueMioD of Mr, Cooper, 
M.P. for Sligo, which ii 26 feet long, mi l£e diameter of the object 
glau U inchet. 
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Guineas, and the circular observatory in which it 
is placed about 100 Guineas ; in all 450 Guineas. 
Its powers vary from 50 to 300 times.* 

Achromatic telescopes of a moderate size. 

Such telescopes as I have alluded to above, are 
among the largest which have yet been made on 
the achromatic principle ; they are, of course, 
comparatively rare, and can be afibrded only at a 
very high price. Few of the object gtatiet in 
the telescopes to which I have referred, would be 
valued at less than SOO Guineas, independently of 
the tubes, eye pieces and other apparatus with 
which they are fitted up. It is so difficult to pro- 
cure large discs of flint glass for optical purposes, 
to produce the requisite curves of the diflerent 
lenses, and to combine them together with that 
extreme accuracy which is requisite, that when a 
good compound lens of this description is found 
perfectly achromatic, the optician must necessarily 
aet a high value upon it; since it may happen 
that he may have finished half a dozen before he 
has got one that is nearly perfect. The more 
common sizes of achromatic telescopes for astro- 
nomical purposes, which are regularly sold by the 
London opticians, are the following : — 

1. The 2^ feet Achromatic. — This telescope 
has an object glass 30 inches in focal length, and 
S inches clear aperture. It is generally furnished 
with two eye pieces, one for terrestrial objects, 
magnilying about 30 or 35 times, and one for 
celestial objects with a power of 70 or 76 times. 

* Thii teloKOpe. vhict waimnde 1>; Dollond, withapover of 240 
tinwi, gJTM & iMantifbl view of tbe bclu of Jnpitei and the double 
rini af^SMniD, and with a pover of 50, (he atan iu the miUj way 
■nd HHiw of the nebulffi appear Tery namerous and brilliuxt^ Iti 
owner u a gentlemaa who iuiit« Kienee with Chrutiaoity. 
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object glass of this telescope is from 44 to 46 
inches focal length, and 2i ioches diameter. It 
is generally furnished with four eye-pieces, two 
for terrestrial and two for celestial objects. The 
lowest power for land objects is generally about 
45, which affords a large field of view, and ex- 
hibits the objects with great brilliance. The 
other terrestrial power is usually from 65 to 70. 
The astronomical powers are about 80 and 130 ; 
but such a telescope should always have another 
eye-piece, to produce a power of 180 or 200 times, 
which it will bear with distinctoess, in a serene 
state of the atmosphere, if the object glass be 
truly achromatic. The illuminating power in this 
telescope is nearly double that of the 2i feet 
telescope, or in the proportion of 7, 56 to 4 ; and 
therefore it will hear about double the magnifying 
power with nearly equal distinctness. This teles- 
cope is fitted up in a manner somewhat similar to 
the former, with a tripod stand which is placed 
upon a table. Sometimes, however, it is mounted 
on a long mahogany stand which rests upon the 
fioor, (as in fig. 58.), and is fitted with an equato- 
rial motion ; and has generally a small telescope 
fixed near the eye end of the large tube, called a 
finder, which serves to direct the telescope to a 
particular object in the heavens when the higher 
powers are applied. It is likewise eligible that it 
should have an elevating rack and sliding tubes, 
for supporting the eye end of the instrument, to 
keep it steady during astronomical observations, 
and it would be an advantage, for various purposes 
which shall he afterwards described, to have fitted 
to it a Diagonal Eye Piece magnifying 40 times 
or upwards. 

The prices of this instrument, as marked in Mr. 
Tulley's Catalogue, are as follows : — 
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onsilv niaHdged «nd represents objecU considerably 
\Mis:litor tliaii reflecting telescopes of the same 
pvui* oiul ni*!niifving power, and it is not ao apt 
io l>,' .lor«np.ti " »s reflectors generally are. A 
1. Ii'no'pi' of n less size would not in general be 
t".'i>"-i '■■Mi^isi'tiirv for viewing the objects I have 
„,^,^ t.Mvui.^U jiiul for general astronomical pur- 
(*.«.-•, \\ WAV not be inipropM for the infonna- 
,,,,„ ,«( hs«io \>N».loi-m to explain what ia meant id 
>(,. I',,);, 1 V ,«*i,*l,^Ho. when it is stated that this 
,.,Mi«"'.»i ^»» •,*»«• c>e piive for day objecU, to 
,., .1.. «.,, .;■, ..(• »v,^vr,' The eye piece 
a',:..,j,,; ,v y* fc,«,>^..»nw).si, that by drawing oat 
^ ,„l,,, »^,,\t i^'.' .'\'\ >^'>^ >»>\v incivase the power 
«, J.;, .>,.s,. *..J tt'*V.' »» 1o <srT, say from 40 to 
^^ sik tt^* <■»>-*! ^^ t'*'*! ***'''h a cxnstmction of 
kU. t, ,.,jm,*U\\' (>'.^-e I U«lv*l\erw«rds explained) 
k,ktv4 ikk •) ^iiMl wi'vAiiUT^ ihe purpose of separate 
v,> - ^.u vv* t'lie w hole length of the SJ feet teles- 
wv<(>i>, wluu ihe terrestrial eye piece is applied, is 
dWul -ik If ft from the object glass to the first eye 

When the aperture of the object glass of this 
telescope exceeds iti inches its price rapidly ad- 
vances. 

The follovring ia Mr. Tulley's scale of pricea, 
proportionate to the increase of apertore : — 

£ *. i. 
S j fed tdcwopH 3| incha apctture, witk mtia] nid 
komontd nek work moliiiDt. acbnimuie finder, 3 cje 
pi™ fa —Hinwui ieal prnpotea, uu) aoeht day objrcto 
f> TU7 the naicaifj>''g po*er> f^*^ ■» ■ mliBgui? box 43 
Dins, 4illA. H IDcbM duDDMrr, numled ■■ aboTa - 68 5 
Ditto, villi DBiTenal Eqnalorial, inn pad of pillar md 
cU* Maud B400 

Here, in the one case, the increase of half an 
inch in the diameter of the object-glass, adda 
about £16. to the expense ; and in the other case 
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no less than £S6« 5s« The proportion of light ii 
those two telescopes, compared with that of 2i 
inches aperture, is as follows: — The square of th< 
Sj ohject-glass is 7.56; that of Si» 10.56, and tha 
of the Sf , 14.06 ; so that the light admitted bj 
the 3^ compared with the Si aperture, is nearly a 
10 to 7 ; and the light admitted by the 8f object 
glass is nearly double that of the 2f aperture, an< 
will bear nearly a proportional increase of magni 
fying power. 

8. The 5 feet Achromatic telescope. The foca 
length of the object-glass of this telescope is I 
feet 3 inches, and the diameter of its apertun 
3^1 inches. The usual magnifying powers appliec 
to it are, for land objects 65 times ; and for celes 
tial objects, 110,190, 250, and sometimes one o: 
two higher powers. The quantity of light i 
possesses is not much larger than that of the Si 
feet telescope, with Sf inches aperture ; but th< 
larger focal length of this telescope is considered t< 
be an advantage ; since the longer the focus of th< 
object-glass, the less will be its chromatic anc 
spnerical aberrations, and the larger may be th< 
eye-glasses, and the flatter the field of view. 

The following are the prices of these telescopei 
as marked in Air. Tulley s catalogue. 

j^ 8. d 
5 feet telescopes 31 inches apeitare, on an nnivenal equa- 
torial stand, with achromatic finder, 4 eye pieces for astro* 
nomical purposes, and 1 for day objects to yaiy the magni- 
fyinff power, packed in a mahogany box - 100 ^viooas to 157 10 < 

7 feet ditto, B inches aperture, on a newly unproTed 
universal equatorial stand, 6 eye pieces for astronomical 
purposes, and 1 for day objects to Tary the magnifying 
power, with achromatic finder, and Troughton*s Micrometer 207 5 < 

The above are all the kinds of achromati< 
telescopes generally made by the London opti< 
cians. Those of the larger kind, as 5 and 7 feei 
telescopes, and the 8i feet with 3f inches aperture 
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clination of the pole of the earth, the telescope 
when turned in this socket, will have an equatorial 
motion, bo that celestial objects may be always 
kept io view, when this equatorial motion is per- 
formed. The two handles at k are conoected with 
rack-work, intended to move the telescope in any 
required direction. The two sets of brass sliding 
rods it are intended to render the telescope as 
steady as possible, and to elevate and depress it at 
pleasure, and are so constructed as to slide into 
each other with the utmost ease. 

The Finder is placed at AE, either on the top 
or the left side of the tube of the telescope. 
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Ptoportiom of cttrvatare of the lentet ahich form 
an achromatic object-glau. 

As some ingenious niechanics may feel a desire 
to attempt the construction of a compound achro- 
matic object^lass, I shall here state some of the 
proportions of curvature of the concave and con- 
vex lenses, which serve to guide opticians in their 
construction of achromatic inatrumenta. These 
proportions are various; and even when demon- 
strated to be mathematicaUy correct, it is some- 
times difficult to reduce them to practice, on 
account of the different powers of refraction and 
dispersion possessed b; different discs of crown 
and flint-glass, and of the difficult; of producing 
by mechanical means, the exact curves which 
theory requires. The following table shows the 
radii of curvature of the different surfaces of the 
lenses necessary to form a double achromatic 
objecl-gUui — it being supposed that the sine of 
refraction in the crown-glass is as 1.5^ to 1, and 
in the flint as 1.57S5 to 1 ; the ratio of their dis- 
persive powers being as 1 to 1.534, It is also 
assumed that the curvatures of the concave lens 
are as 1 to S, that is, that the one side of this lens 
is ground on a tool, the radius of which is double 
that of the other. The 1st column expresses the 
compound focus of the object-glass in inches ; the 
2nd column states the radius of the anterior surface 
of the crown, and column 8rd, its poiterior side. 
Column 4th expresses the radius of the anterior 
surface of the concave lens, and column 5th its 
posterior surface, which, it will be observed, is 
exactly double that of the other. 
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Focus I Radius of 
in ' anterior but- 
inches. , face, conyex. 



12 
24 
30 
36 
48 
60 
120 



Inc. Dec. 

3 

6 

7. 5 

9 
12 
15 
30 



Radius of 

posterior 

surface. 



Inc. Dec. 

4. 652 

9. 304 

11. 063 

13. 956 

18. 608 

23. 260 

46. 520 



Radius of 
anterior snr- 
face^ncaTe. 



Radias of 
posterior 

Bur&ce. 



Inc. Dec. 

4. 171 

8. 342 

10. 428 

12. 513 

16. 684 

20. 856 

41 712 



Inc. Dec. 


8. 


342 


16. 


6S4 


20. 


SSS 


25. 


027 


33. 


969 


41. 


712 


83w 


424 



From the above table it will be seen, that to 
construct^ for example, a 30 inch compound object* 
glass, the radias of the anterior side of the cro\vii 
must be 7| inches, and that of the posterior side 
11.63 inches; the radius of the anterior surface 
of the concave 10.4^, and that of the posterior 
20.856 inches. It may be proper to observe, that 
in these computations, the radius of the anterior 
surface of the concave is less than the posterior 
side of the convex, and consequently admits of 
its approach, without touching in the centre — a 
circumstance which always requires to be guarded 
against in the combination of achromatic glasses. 
The following table shows the radii of curvature of 
the lenses of a triple object-glass, calculated from 
formula deduced by Dr. Robison of Edinburgh. 



Focal 


Convex lens of i Concave lens of i Convex lens of 


length. 


crown 


glass. 1 flint 


glass. 


crown 


glass. 


Inches 


Inc. Dec. 


Inc. Dec. j Inc. Dec. Inc. Dec I nc. Dec 


IncDea 


6 


4. 54 


3. 03 


S. 03 


6. 36 1 6. 36 


0. 64 


9 


6. 83 


4. 56 


4. 56 


9. 54 1 9. 54 


0. 92 


12 


9. 25 


6. 17 


6. 17 


12.75 


12. 75 


1. 28 


18 


la 67 


9. 12 


9. 12 


19. 08 


19. 08 


1. 93 


24 


18. 33 


12. 25 


12. 25 


25. 50 


2i. 50 


2. 56 


SO 


22. 71 


15. 16 


15. 16 


31. 79 


31. 79 


3.20 


36 


27. 33 


18. 25 


18.25 


38. 17 


sa 17 


3. 84 


42 


81. 87 


21. 28 


21. 28 


44. 53 


44. 53 


4. 48 


48 


36. 42 


24. 38 


24. 83 


50. 92 


50. 92 


5. 12 


54 


40. 96 


27. 86 


27. 36 


57. 28 


57. 28 


5. 76 


60 


45. 42 


SO. 88 


SO. 38 


63. 58 


63.58 


6. 40 
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glass, for the moat po^t, turns out different from 
bis expectations. The great difficulty in the con- 
struction is to find the exact proportion of the 
dispersive powers of the ctowd and flint glass. 
The crown is pretty constant, but there are 
hardly two pots of flint glass which have the same 
dispersive power. Even if constant, it is difficult 
to measure it accurately; and an error in this 
greatly affects the instrument ; because the focal 
distances of the lenses must be nearly as their 
dispersive powers. In the two preceding tables, 
the sine of incidence, in the crown glass, is sup- 
posed to be to the sine of refraction as 1.536 to I ; 
and in the flint glass, as l.GtM' to 1. Opticians 
who make great numbers of lenses both of flint 
and crown glass, acquire, in time, a pretty good 
guess of the nature of the errors which noay 
remain after they hare flnished an object-glass ; 
and having many lenses intended to be of the 
same form, but unavoidably differing a little from 
it, they try several of the concaves with the two 
convexes, and finding one better than the rest, 
they make use of it to complete the set. In this 
way some of the best achromatic telescopes are 
frequently formed. I have sometimes found, 
when supplying a concave flint glass to a telescope 
where it happened to be wanting, that, of four oi 
five concave lenses which appeared to be the same 
as to curvature and other properties, only one 
was found to produce a distinct and colourless 
image. Should any one, however, wish to 
attempt the construction of an achromatic lens, 
the best way for preventing disappointments in 
the result is, to procure a variety of tables of the 
respective curvatures founded on different condi- 
tions, and which, of course, require the surfaces 
of the several lenses to be of different curves. 
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tinctness, it was manifestly superior to one of Mr. 
Bollond of 4& inches focal length. The; had 
most distinct vision of a star, when uting an erect- 
ing eye-piece, which made this telescope magnify 
more than a 100 times ; and the; found the field 
of vision as uniformly distinct as with DoUond's 
42 inch telescope magnifying 46 times ; and were 
led to admire the nice figunng and centering of 
the very deep eye-glasses which were necessary 
for this amplification. They saw douhle stara 
with a degree of perfection which astonished them. 
These telescopes, however, have never yet come 
into general use ; and one reason perhaps, is, that 
they are much more apt to be deranged, than 
telescopes constructed of object-glasses which are 
solid. If any species of glass, or other solid 
transparent substance could be found with the 
same optical properties, instruments might perhaps 
be constructed of a larger size, and considerably 
superior to our best achromatic telescopes.* It 
is said that Mr. Blair, the son of Dr. Blair, some 
years ago, was engaged in prosecuting his father's 
views, but I have not heard any thing respecting 
the result of bb investigations. 

Barhto'e refracting teleicope with a fiuii cimcave 
lent. 
Professor Barlow, not many years ago, sug- 
gested a new fluid telescope, which is deserving 
of attention ; and, about the year 1839 constructed 
one of pretty large dimensions. The fluid he 
employs for this purpose is the nUpharei of 

' For ■ mora paMJcnUc uconnt of Dr. Blut'i inMmmenli tuA 
expcrunsnti, the nsder u nferred to hi* DuwrtBtun on thu mbject 
ifl Vol II. M iha ' Tmusctioni of the Rof*l Sodelj of Edinbnrgb,' 
whicb ooopiea 76 pago — or to Nicholioii'a ' Joaraal of Nuunl 
PhiloMtphf,' Ac Quita Series Vol. I., April, Septonba, I7»7. 
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part of the construction — is reduced to one half or 
to less than one half of the size of the plate lens; 
consequently, to construct a telescope of 10 or 
12 inches aperture involves no greater diffi- 
culty in the manipulation, than in making a teles- 
cope of the usual description of 5 or 6 inches 
aperture, except in the simple pUte lens itself; 
and, hence, a telescope of this kind, of 10 or 1^ 
feet length, will be equivalent in its focal power 
to one of 16 or 20 feet. By this 
means, the tuhe may be shortened Antrtoi, 
several feet and yet possess a focal 
power more considerable than could 
be conveniently given to it on the 
usual principle of construction. This 
will be better understood from the 
annexed diagram, (fig. 61.) 

In this figure ABCD represent 
the tube of the 6 inch telescope, CD, 
the plate object-glass, F the first 
focus of rays, de the fiuid concave 
lens, distant from the former 24i 
inches. The focal length MF being 
48, and consequently, as 48: 6: : 
34: 3 inches, the diameter of the 
fluid lens. The resulting compound 
focus is 62.5 inches. It is obvious, 
therefore, that the rays df, ef, arrive 
at the focus under the same conver- 
gency, and with the some light as if 
they proceeded from a lens of 6 
inches diameter, placed at a distance 
beyond the object-glass CD (as GH.) 
determined by producing those rays 
till they meet the sides of the tube 
in GH, namely at 62.5 inches be- 
yond the fluid lens. Hence, it is 
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obvious, the rays wOI converge as they would do 
from an object-glass 6H of the usual kind with a 
focus of 10 feet 5 inches. We have thus, there- 
fore, shortened the tube 88.5 inches, or have at 
least the advantage of a focus 88.5 inches longer 
than our tube ; and the same principle may be 
carried much farther, so as to reduce the usual 
length of refracting telescopes nearly one half 
without increasing the aberration in the first 
glass beyond the least that can possibly belong to 
a telescope of the usual kind of the whole length. 
It should likewise be observed that the adjust- 
ment for focus may be made either in the usual 
way^ or by a slight movement of the fluid lens, as 
in the Gregorian Reflectors, by means of the small 
speculum. 

Mr. Barlow afterwards constructed another and 
a larger telescope on the same principle, the clear 
aperture of which is 7.8 inches. Its tube is II 
feet, which, together with the eye-piece, makes 
the whole length 12 feet, but its efiective focus is 
on the principle stated above, 18 feet. It carries 
a power of 700 on the closest double stars in 
South*s and Herschel's catalogue, and the stars 
are, with that power, round and defined, although 
the field is not then so bright as could be desired. 
The telescope is mounted on a revolving stand, 
which worb with considerable accuracy as an 
azimuth and altitude instrument. To give steadi- 
ness to the stand it has been made substantial and 
heavy ; its weight by estimation being 400 pounds, 
and that of the telescope ISO pounds, yet its 
motions are so smooth, and the power so arranged, 
that it may be managed by one person with the 
greatest ease, the star being followed by a slight 
touch, scarcely exceeding that of the keys of a 
piano-forte. The focal length of the plate lens is 
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78 inches, and of the fluid lens 59.8 inches 
— which at the distance of 40 inches produce a 
focal length of 104 inches, a total length of 13 
feet, and an equivalent focus of IS feet. The 
curves of the parallel meuiscus checks for con- 
taining the fluid are — 30 inches, and 144 inches, 
the latter towards the eye. The curves for the 
plate lens are 56.4 and 144'. There is an interior 
tube 5 inches diameter, and 3 feet 6 inches long, 
which carries the cell in which the fluid is en- 
closed, and an apparatus bv which it ma; be 
moved backwards and forwards, so that the proper 
adjustment may be made for colour, in the first 
instance, and afterwards the focus is obtained by 
the usual rack-work motion. The following is 
the mode by which the fluid was enclosed. After 
the best position has been determined practically 
for the checks forming the fluid lens, these, with 
the ring between them ground and polished accu- 
rately to the same curves, are applied together, 
and taken into an artificial high temperature, ex- 
ceeding the greatest at which the telescope is ever 
expected to be used. After remaining here with 
the fluid some time, the space between the glasses 
is completely filled, immediately closed, cooled 
down fay evaporation, and removed into a lower 
temperature. By this means a sudden condensa- 
tion takes pUce, an external pressure is brought 
on the checks, and a bubble formed inside, which 
is of coiyve filled with the vapour of the fluid ; 
the excess of the atmospheric pressure beyond 
that of the vapour being afterwards always acting 
externally to prevent contact. The extreme 
edges are then sealed with the serum of human 
blood, or by strong fish-glue, and some thin 
pliable metal suruice. By this process, Mr. 
Barlow says, ' I have every reason to believe the 
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to make the correcting glass act as a plane lens. 
It is sufficient if it be so adjusted as to have a 
shorter focus for red rays than for violet. If, pr&> 
serving this condition, it be made to act as a con- 
cave lens, the advantage procured by Mr. Barlow's 
construction of reducing the length of the teles- 
cope with the same focal power, is secured, and 
he considers, moreover, that by a proper adapta- 
tion of the distances, foci, &c., of the lenses, we 
might hope to combine with all these advantages 
that of the destruction of the secondary spectrum, 
and thus obtain a perfect telescope. 

The above is an abstract of a paper read to the 
' Astronomical Society of Liondon,' in April 18S8, 
by A. Rogers, Esq. 

The reader will easily perceive that the princi- 

Ele on which Mr. Rogers proposes to construct 
is telescope is very nearly similar to that of pro- 
fessor Barlow, described above, with this difference, 
that the correcting lens of the Professor's telescope 
is composed of a transparent ^uid, while that of 
Mr. Rogers is a toUd lens consisting of a convex 
crown and concave flint. The general object 
intended to be accomplished by bou is the same, 
namely, to make a correcting lens of a compara- 
tively small diameter serve the purpose of a large 
disc of flint glass, which has hitherto been very 
expensive, and very difficult to be procured ; and 
likewise to reduce the length of the telescope 
while the advantage of a long focal power is 
secured. — A telescope, on this principle, was con- 
structed 7 or 8 years ago by Mr. Wilson, lecturer 
on Philosophy and Chemistry, (rlasgow, before he 
was aware that Mr. Rogers had proposed a similar 
plan. I have had an opportunity of particularly 
mspecting Mr. Wilson's telescope, and trying its 
efl^cts on terrestrial objects with high powers, and 
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any degree of perfection imaginable, providing a 
reflecting substance could be found wnich would 
polish as finely as glass, and reflect as much light 
as glass transmits, and the art of communicating 
to it a parabolic figure be also obtained. Amidst 
these thoughts I was forced from Cambridge by 
the intervening plague, and it was more than 
two years before I proceeded further.' 

It was towards the end of 1668, or in the 
beginning of the following year, when Newton, 
being obliged to have recourse to reflectors, and 
not relying on any artificer for making the specula, 
set about the work himself, and early in the year 
1672, completed two small reflecting telescopes. 
In these he ground the great speculum into a 
spherical concave, although he approved of the 
parabolic form, but found himself unable to 
accomplish it. These telescopes were of a con- 
struction somewhat difierent from what Gregory 
had suggested, and though only 6 inches long, 
were considered as equal to a 6 feet common 
refracting telescope. It is not a little singular, 
however, that we hear no more about the con- 
struction of reflectors till more than half a century 
afterwards. It was not till the year 1723, that 
any reflectors were known to have been made, 
adapted to celestial observations. In that year, 
Mr. Hadley, the inventor of the reflecting quad- 
rant, which goes by his name, published in No. 
376 of the Philosophical Transactions, an account 
of a large reflector on Newton's plan, which he 
had just then constructed, the performance of 
which left no room to doubt that this invention 
would remain any longer in obscurity. The large 
speculum of this instrument was 62f inches focal 
distance and 5 inches diameter, was furnished 
with magnifying powers of from 190 to 230 times. 
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and equalled in performance the famous aerial 
telescope of Huygens of 123 feet in length.'*^ 
Since this period, die reflecting telescope has been 
in general use among astronomers in most 
countries of Europe, and has received numerous 
improvements, under the direction of Short, 
Mudge, Edwards and Herschel — the last of whom 
constructed reflectors of 7, 10, 20, and even 40 
feet in focal length, which far surpassed, in bright- 
ness and magnifying power, all the instruments of 
this description, which had previously been 
attempted. 

I shall now proceed to give a brief sketch of 
the nature of a reflecting telescope, and the difierent 
forms in which they have been proposed to be 
constructed. 

Fig. 62 represents the reflecting telescope as 
originally proposed by Gregory. ABEF repre- 
sents a tube open at AF towards the object ; at 
the other end is placed a concave speculum BE, 
with a hole CD in its centre, the focus of which 
is at e. A little beyond this focus, towards the 
object end of the telescope AF, is placed another 
small concave mirror 6, having its polished face 
turned towards the great speculum, and is sup- 
ported by an arm GH fastened to a slider con- 
nected with the tube. At the end of the great 
tube BE is screwed in a small tube CDKI, con- 
taining a small plano-convex lens IK. Such are 
the essential parts of this instrument and their 
relative positions. It will be recollected in our 
description of the properties of concave mirrors 
(see page 92), that, when rays proceed from a 

* A particular deicription of this telescope, with the machinery for 
moTiDg it. illastiated with an enflraving, may be seen in Reid and 
Oray^s ^Ahridsement of the Pmlosopmcal Transactions**— Vol. ti. 
Part I. for Vm, pp. 147— 152. 
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Suppose the focal distance of the great mirrc 
was 9 inches, and the focal distance of the sma 
mirror 1^ inch — were we to remove the eye piec 
of this telescope, and look through the hole of th* 
great mirror, we should see the image of th( 
object depicted upon the face of the small specu 
lum, and magnified, in the proportion of 9 to 1\ 
or, 6 timeSy on the same principle as a commor 
convex object glass 9 inches focal length, with ac 
eye glass whose focus is ii inch magnifies 6 times. 
This may be regarded as the first part of the 
magnifying power* If now, we suppose the small 
speculum placed a little more than li inch from 
tne image formed by the great speculum, a second 
image is formed about/, as much exceeding the 
first in its dimensions as it exceeds it in distance 
from the small speculum, on the principle on 
which the object glass of a compound microscope 
forms a large image near the eye glass. Suppose 
this distance to be 9 times greater, then the wnole 
magnifying power will be compounded of 6 multi- 
plied by 9, or 64 times. As a telescope it magni- 
nes 6 times, and in the microscope part 9 times. — 
Such is a general idea of the Gregorian telescope, 
the minute particulars and structure of which can 
only be clearly perceived by a direct inspection of 
the instrument. 

The Newtonian Reflector. — This instrument is 
somewhat difierent both in its form and in its mode 
of operation firom that of Gregory. It is repre- 
sented in fig. 68, where BAEF is the tube, and 
BE, the object concave mirror, which reflects the 
parallel rays ah to emplane speculum G, placed 45o, 
or half a right angle to the axis of the concave 
speculum. This small plane reflector must be of 
an oval form, the length of the oval should be to 
the breadth as 7 to 5, on account of the obliquity 

o. 
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of its position. It is supported on an arm fixed 
to the side of the tube ; an eve-glass is placed in 
a small tube, moveable in the larger tube, so as to 
be perpendicular to the axis of the large reflector, 
the perpendicular line passing through the centre 
of the small mirror. The small mirror is situated 
between the large mirror and its focus, that its 
distance from this focal point may be equal to the 
distance from the centre of the mirror to the 
focus of the eye-glass. When the rays ab from a 
distant object fait upon the large speculum at cd, 
they are reflected towards a focus at h ; but being 
intercepted by the plane mirror G. they are re- 
flected perpendicularly to the eye-glass at I, in the 
side of the tube, and the image formed near that 
position at e is viewed through a small plano- 
convex lens. The magnifying power of this tele- 
scope is in the proportion of the focal distance of 
the speculum to that of the eye-glass. Thus, if 
the focal distance of the speculum be 36 inches, 
and that of the eye-glass \ of an inch, the magni- 
fying power will be 108 times. It was this form 
of the reflecting telescope, that Newton invented, 
which Sir, W. Herschel adopted, and with which 
he made most of his observations and discoveries. 
The Ca»»egrainian Reflector. — This mode of 
the reflecting telescope, suggested by M. Casse- 
grain, a Frenchman, is represented in fig. 64. It 
is constructed in the same way as the Gregorian, 
with the exception of a small convex speculum G 
being substituted in the room of the small concave 
in Gregory's construction. As the focus of a 
convex mirror is negative, it is placed at a dis- 
tance from the large speculum equal to the dif- 
ference of their foci, that is, if the focal length of 
the large spectilum be 18 inches, and that of the 
small convex S inches, they are placed at 16 
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Mr. Short — who was bom in Edinburgh in 
1710, and died near London, 1768 — was considered 
as the most accurate constructor of reflecting 
telescopes, during the period which intervened 
from 1732, to 1768. In 1743, he constructed a 
reflector for Lord Thomas Spencer, of 12 feet 
focal length, for which he received 600 guineas. 
He made several other telescopes of the same 
focal distance, with greater improvements and 
higher magnifiers ; and in 1752, finished one for 
the king of Spain, for which, with its whole ap- 
paratus, he received iE1200. This was considered 
the noblest instrument of its kind that had then 
been constructed, and perhaps it was never sur- 
passed, till Herschel constructed his twenty and 
forty feet reflectors. High as the prices of large 
telescopes now are, Mr. Short charged for his in- 
struments at a much higher rate than opticians 
now do, although the price of labour, and every 
other article required in the construction of a 
telescope, is now much dearer. But he had then 
scarcely any competitor, and he spared neither 
trouble nor expense to make his telescopes perfect, 
and put such a price upon them as properly 
repaid him. The lollowing table contains a state- 
ment of the apertures, powers, and prices of 
Gregorian telescopes, as constructed by Mr. James 
Short.* 

* Mifls Short, who has erected and who saperintends an obserra* 
torj on the Calton hill, Edinbuzigh, is the descendant of a brother of 
Mr. Short She is in possession of a large Gregorian reflector, about 
12 feet long, made by Mr. Short, and mounted on an Equatorial axis. 
It was origmallj placed in a small observatory erected on the Calton 
hill, about the year 1776, but for many years past it has been litUe used. 



cone of raya proceeding from the nearest lens S. If 
it be larger, it will permit the foreign light of the 
sky or other objects to enter the eye, so as to pre- 
vent distinct vision ; for the eye should receive 
no light, but what comes from the surface of the 
small mirror L. If the hole be smaller than the 
cylinder of rays at e then some of the necessary 
light will be excluded, and the object rendered 
more obscure. The diameter of this hole may 
be found by dividing the aperture of the telescope 
in inches by its magnifying power. Thus, if we 
divide the diameter of one of Short's telescopes, 
the diameter of whose large speculum is 2. 30, by 
60, the magnifying power, the quotient will be 
.0383, which is nearly the a of an inch. Some- 
times this hole is made so small as the g of an 
inch. When this hole is, by any derangement, 
shifted from its proper position, it sometimes re- 
quires great nicety to adjust it, and, before it is 
accurately adjusted, the telescope is unfit for accu- 
rate observation. 8. It is usual to fix a plate 
with a hole in it, at a b, the focus of the eye glass 
S, of such a diameter as will circumscribe the 
image, so as to exhibit only that part of it which 
appears distinct, and to exclude the superfluous 
rays. 4. There is an adjusting screw on the out- 
side of the great tube, connected with the small 
speculum, by which that speculum may be pushed 
backwards or forwards to adjust the instrument to 
distinct vision. The hand is applied for this pur- 
pose at T. 

NetBtonian Teletcopei. — These telescopes are 
now more frequently used for celestial observa- 
tions than during the last century, when Gregorian 
reflectors were generally preferred. Sir W. Her- 
schel was chiefly instrumental in introducing this 
form of the reflecting telescope to the more par- 
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One great advaotage of reflecting telescopes 
above common refractors, is, that they will admit 
of eye glasses of a much shorter focal distance, 
and consequently, will magnify so much the more, 
for the rays are not coloured by reflection from a 
concave mirror, if it be ground to a true figure, 
as they are by passing through a convex glass 
though figured and polished with the utmost 
exactness. It will be perceived from the above 
table, that the focal length of the eye glosses is 
very small, the lowest there stated being only 
about ^ of an inch, and the highest little more 
than j- of an inch focal distance. Sir W. Herschel 
obtained the high powers which be sometimes put 
upon his telescopes, by using small double convex 



pUnetary bodies ; and I qaestion nioch whether 
any power above 1000 times was ever geaerallj 
used. For, it is tbe quaDtity of light which the 
telescope collects, more than the magnifying 
power, that enables us to penetrate, witb effect, 
into the distant spaces of the firmajnent : and 
hence, as above stated, the power seldom exceeds! 
200, which on account of the lai^ diameter of 
the speculum, would enable the instrument to 
penetrate into the distant celestial spaces peibaps 
further than if a power of as many thousands of 
times had been applied. 

Sir John Hecschel, who inherits all the science, 
skill, and industiy of bis father, some time ago 
^ound and polished a new speculum for the 20 
feet tube, formerly noticed, which is connected 
with a stand, pulleys and other appendages, similar 
to those above described, though of smaller di- 
mensions. This telescope shows the double stars 
exceedingly well defined, and was one of the 
principal instruments used informing his catalt^ue 
of these objects which was presented to the Royal 
Society, in conjunction with that of Sir James 
South, about the year 1828. I suppose, it is 
likewise the same telescope with which Sir John 
lately made his Sidereal observations at the Cape 
of Good Hope. 



The lai^est /ronf view reflecting telescope in 
this country — next to Herschel's 40 feet instru- 
ment—is that which was erected at the Royal 
Observatory at Greenwich, in the year 1820, by 
Mr. Ramage of Aberdeen. The diameter of the 
concave reflector is 15 inches, and its focal length 



are to be obserred, the whole light of the entire 
aperture may be used with sdvantage on favourable 
evenings. 

The eye-pieces adapted to this telescope have 

?oweTS which magnify the abject linearly from 
OO to 1500 times, which are competent to fulfil 
all the purposes of vision when cleared of aber- 
ration. When the telescope is placed in the plane 
of the meridian and elevated together with the 
gallery, into any required altitude, the meridional 
tweeps, formerly practised by Sir W. Herschel, 
and continued by Sir John with great success, in 
the examination of double stars and nebula, may 
be managed with great ease. 

Mr. Ramage had a telescope of about the same 
size, erected in an open space in Aberdeen, which 



i 
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was fixed, and its length about an inch shorter 
than the focal distance of the mirror. A small 
tube for receiving the different eye-pieces was 
fixed in the inside of the large tube at the end 
next the eye, and connected with an apparatus by 
which it could occasionally be moved either in a 
vertical or horizontal direction. With the instru- 
ment fitted up in this manner, I obtained some 
interesting views of the moon, and of terrestrial 
objects. But finding that one side of the tube 
intercepted a considerable portion of light from 
the object, I determined to throw aside the tube 
altogether, and to fit up the instrument on a dif- 
ferent plan. 

A short mahogany tube^ about 3 inches long, 
was prepared, to serve as a socket for holding the 
speculum. To the side of this tube an arm was 
attached, about the length of the focal distance of 
the mirror, at the extremity of which a brass tube 
for receiving the eye-pieces, was fixed, connected 
with screws and sockets, by which it might be 
raised or depressed, and turned to the right hand 
or to the left, and with adjusting apparatus by 
which it might be brought nearer to or farther from 
the speculum^ Fig. 69 exhibits a general repre- 
sentation of the instrument in profile. AB is the 
short tube which holds the speculum; CD the 
arm which carries the eye-tubes, which consists of 
two distinct pieces of mahogony; the pact D 
being capable of sliding along the under side of 
C, through the brass sockets EF» To the under 
part of the socket F is attached a brass nut with 
a female screw, in which the male screw ab acts 
by applying the hand to the knob e, which serves 
for adjusting the instrument to distinct vision. 6 
is the brass tube which receives the eye-pieces. 
It is supported by a strong brass wire de, which 
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passes through a nut connected with another 
strong wire, which passes through the arm D. By 
means of the nut /this tube may be elevated or 
depressed, and firmly fixed in its proper position ; 
and by the nut d it may be brought nearer to or 
further from, the arm I). 

By the same apparatus, it is also rendered capa- 
ble of being moved either in a vertical or horizon- 
tal direction : but when it is once adjusted to its 
proper position, it must be firmly fixed, and 
requires no further attention. The eye-piece re- 
presented in this figure is the one used for terres- 
trial objects, which consists of the tubes belonging 
to a pocket achromatic telescope. When an as- 
tronomical eye-piece is used, the length of the 
instrument extends only to the point I. In look- 
ing through this telescope, the right eye is applied 
at the point H, and the observer's head is under- 

p 
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stood to be uncovered, or, at least, tightly covered 
with a thin cap. For those who use only the left 
eye, the arm would require to be placed on the 
opposite side of the tube, or the arm, along with 
the tube, be made to turn round 180 degrees. 
Fig. 70 represents a front, or rather an oblique 

figv-rt 70. 




view of the instrument, in which the position of 
the speculum may be seen. AU the specula which 
I fitted up in this form, having been originally 
intended for Gregorian reflectors, have holes in 
their centres. The eye-piece is therefore directed 
to a point nearly equi-distant from the hole to 
the left hand edge of the speculum, that is, to the 
point a. In one of these instruments fitted up 
with a four feet speculum, the line of vision is 
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directed to the point b on the opposite side of the 
speculum, but, in this case, the eye-tube is re* 
moved farther from the arm, than in the former 
case. The hole in the centre of the speculum is 
obviously a defect in this construction of a reflec- 
ing telescope, as it prevents us from obtaining the 
full advantage of the rays which fall near the 
centre of the mirror ; yet the performance of the 
instruments, even with this disadvantage, is superior 
to what we should previously have been led to 
expect. 

The principal nicety in the construction of this 
instrument, consists in the adjustment and proper 
direction of the eye-tube. There is only one 
position in which vision will be perfectly distinct. 
It must be neither too high nor too low, — ^it must 
be fixed at a certain distance from the arm, — and 
must be directed to a certain point of the specu- 
lum. This position must be ultimately determined 
by experiment, when viewing terrestrial objects. 
A person unacquainted with this construction of 
the telescope, would, perhaps, find it difficult, in 
the first instance, to make this adjustment ; but 
were it at any time deranged, through accident or 
otherwise, I can easily make the adjustment anew, 
in the course of a minute or two. 

In pointing this telescope to the object intended 
to be viewed, the eye is applied at K, fig, 69, and 
looking along the arm, towards the eye-piece, till it 
nearly coincide with the object, it will, in most 
cases, be readily found. In this way I can easily 
point this instrument to Jupiter or Saturn, or to 
any of the other planets, visible to the naked eye, 
even when a power of 160 or 170 times is applied. 
When high magnifying powers, however, are used, 
it may be expedient to fix, on the upper part of 
the short tube in which the speculum rests, a 

p2 



316 THE PRACTICAL ASTROHOXER. 

Finder, such as that which is used in Newtonian 
telescopes. When the moon is the object intended 
to be viewed, she may be instantly found by 
moving the instrument till her reflected image be 
seen from the eye-end of the telescope on the face 
of the mirror. 

I have fitted up several instruments of the 
above description with specula of 16, 27, 35j and 
49 inches focal distance. One of these having a 
speculum of 27 inches focal length, and an astro- 
nomical eye-piece, producing a magnifying power 
of about 90 times, serves as a good astronomical 
telescope. By this instrument the belts and satel- 
lites of Jupiter, the ring of Saturn, and the moun- 
tains and cavities of the moon, may be contem- 
plated with great ease and distinctness. With a 
magnifying power of 85 or 40 times, terrestrial 
objects appear remarkably bright and well-defined. 
When compared with a Gregorian, the quantity of 
light upon the object appears nearly doubled, and 
the image is equally distinct — although the specu- 
lum has several blemishes, and its surface is but 
imperfectly polished. It represents objects in 
their natural colours, without that dingy and yel- 
lowish tinge which appears when looking through 
a Gregorian. Another of these instruments is 
about four feet long. The speculum which 
belongs to it is a very old one : when it came into 
my possession, it was so completely tarnished, as 
scarcely to reflect a ray of light. After it was 
cleaned, it appeared to be scarcely half polished, 
and its surface is covered with yellowish stains 
which cannot be erased. Were it fitted up upon 
the Gregorian plan, it would, I presume, be of 
very little use, unless when a very small magnify- 
ing power was applied. Yet, in its present form, 
it bears, with distinctness, a magnifying power of 
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180 timesi and is equal in its performance to a 3i 
feet achromatic. It exhibits distinct and interest- 
ing views of the diversities of shade, and of the 
mountains, vales, cavities, and other inequalities 
of the moon's surface. With a power of about 
50 times, and a terrestrial eye-piece, it forms an 
excellent telescope for land objects, and exhibits 
them in a brilliant and novel aspect. The smallest 
instrument I have attempted to construct on this 
plan, is only 5|- inches focal distance, and If inch 
diameter. With a magnifying power of about 15 
times, it shows terrestrial objects with distinctness 
and brilliancy. But I should deem it inexpedient 
to fit up any instrument of this description with 
specula of a shorter focal distance than 20 or S4 
inches. The longer the focal distance the more 
distinctness may be expected, although the aper- 
ture of the speculum should be comparatively 
small. 

The following are some of the properties and 
advantages peculiar to this construction of the 
reflecting telescope. 

1. It is extremely simple^ and may be fitted up 
at a comparatively small expense. Instead of 
large and expensive brass tubes, such as are used 
in the Gregorian and Newtonian construction, 
little more is required than a short mahogany 
tube, two or three inches long, to serve as a socket 
for the speculum, with an arm connected with it 
about the focal length of the speculum. The ex- 
pense of small specula, either plain or concave, 
is saved, together with the numerous screws, 
springs, &c., for centering the two specula, and 
placing the small mirror parallel to the large one. 
The only adjustment requisite in this construction, 
is that of the eye-tube to the speculum ; and, by 
means of the simple apparatus above described, it 
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can be effected in the course of a few minutes. 
Almost the whole expense of the instrument con- 
sists in the price of the speculum and the eye- 
pieces. The expense of fitting up the four feet 
speculum, alluded to above — exclusive of specu- 
lum and eye-piece — but including mahogany tube 
and arm, brass sockets, screws, eye-tube, brass 
joint, and a cast-iron stand painted and varnished, 
did not amount to £1 : 8«. A Gregorian of the 
same size would have required a brass tube at 
least 4^ feet in length, which would cost 5 
or 6 guineas, besides the apparatus connected 
with the small speculum, and the additional ex- 
pense connected with the fitting up of the joint 
and stand requisite for supporting and steadying 
so unwieldy an instrument. While the one in- 
strument would require two persons to carry it 
from one room to another, and would occupy a 
considerable space in an ordinary apartment, the 
other can be moved, with the utmost ease, with 
one hand, to any moderate distance, and the space 
it occupies is extremely small. 

2. It is more convenient for viewing celestial 
objects at a high altitude^ than other telescopes. 
When we look through a Gregorian reflector or 
an achromatic telescope of 4 or 5 feet in length, 
to an object elevated 50 or 60 degrees above the 
horizon, the body requires to be placed in an 
uneasy and distorted position, and the eye is 
somewhat strained, while the observation is con- 
tinued. But when viewing similar objects by the 
Aerial Reflector, we can either stand perfectly 
erect, or sit on a chair, with the same ease as we 
sit at a desk when reading a book or writing a 
letter. In this way, the surface of the moon or 
any of the planets, may be contemplated for an 
hour or two, without the least weariness or fatigue. 
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A delineation of the lunar surface may be taken 
with this instrument with more ease and accuracy 
than with any other instrument, as the observer 
can sketch the outline of the object by one eye 
on a tablet placed a little below the eye-piece, 
while the other eye is looking at the object. 
For the purpose of accommodating the instrument 
to a sitting or standing posture a small table was 
constructed, capable of being elevated or depressed 
at pleasure, on which the stand of the telescope is 
placed. When the telescope is 4 or 5 feet long, 
and the object at a very high elevation, the instru** 
ment may be placed on the floor of the apartment, 
and the observer will stand in an erect position. 

3. This instrument is considerably shorter than 
a G-regorian telescope whose mirror is of the 
same rocal length. When an astronomical eye- 
piece is used, the whole length of the instrument 
18 nothing more than the focal length of the specu« 
lum. But a Gregorian whose large speculum is 
4 feet focus, will be nearly 5 feet in length, in- 
cluding the eye-piece. 

4. The Aerial Reflector far excels the Grego- 
rian in brightness. The deficiency of light in the 
Gregorians is owing to the second reflection from 
the small mirror ; for it has been proved by expe- 
riment that nearly the one half of the rays of 
light which fall upon a reflecting surface is lost by 
a second reflection. The image of the object may 
also be presumed to be more correct, as it is not 
liable to any distortion by being reflected from 
another speculum. 

6. There is less tremor in these telescopes than 
in Gregorian Reflectors. One cause, among 
others, of the tremors complained of in Grego- 
rians is, I presume, the formation of a second 
image at a great distance firom the first, besides 
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that which arises from the elastic tremor of the 
small speculum, when carried by an arm supported 
only at one end. But as the image formed by 
the speculum in the aerial telescope is viewed 
directly^ without being exposed to any subsequenc 
reflection^ it is not so liable to the tremors which 
are so frequently experienced in other reflectors* 
Notwithstanding the length of the arm of the 4 
feet telescope above mentionedi a celestial object 
appears remarkably steady, when passing across 
the field of view, especially when it is at a mode- 
rate degree of altitude ; and it is easily kept in 
the field by a gentle motion applied to the arm of 
the instrument. 

In prosecuting my experiments in relation to 
these instruments, I wished to ascertain what 
efiect might be produced by using a fart of a 

feculum instead of the whole. For this purpose^ 
cut a speculum, three feet in focal length, 
through the centre, so as to divide it into two equal 
parts, and fitted up each part as a distinct teles- 
cope ; so that I obtained two telescopes from one 
speculum. In this case I found that each half of 
the speculum performed nearly as well as the 
whole speculum had done before, at least there 
appeared to be 910 very sensible diminution in the 
brightness of the object, when viewed with a 
moderate power, and the image was equally accu- 
rate and distinct ; so that if economy were a par- 
ticular object aimed at in the construction of these 
instruments, two good telescopes might be obtained 
from one speculum ; or if a speculum happened 
to be broken accidentally into large fragments, one 
or more of the fragments might be fitted up on 
this principle to serve as a tolerably good telescope. 
From the experiments I have made in reference 
to these instruments, it is demonstrable, that a 
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tube is not necessary in the constniction of a re- 
flecting telescope — ^at least on the principle now 
stated — whether it be used by day or by night for 
terrestrial or celestial objects; for I have fre- 

Siently used these telescopes in the open air in 
e day time, without any inconvenience from ex- 
traneous light. Therefore, were a reflecting 
telescope of 50 or 60 feet in length to be con- 
structed, it might be fitted up at a comparatively 
small expence, after the expense of the metallic 
substances, and of casting, grinding, and polishing 
the speculum is defrayed. The largest instrument 
of this description which has hitherto been con- 
structed is the 40 feet reflector of Sir W. Herschel. 
This complicated and most unwieldy instrument 
had a tube of rolled or sheet iron 89 feet 4 inches 
in length, about 15 feet in circumference, and 
weighed about 8000 pounds. Now, I conceive 
that such enormous tubes, in instruments of such 
dimensions, are altogether unnecessary. Nothing 
more is requisite than a short tube for holding the 
speculum. Connected with one side of this tube 
(or with both sides were it found necessary), two 
strong bars of wood, projecting a few feet beyond 
the speculum end, and extending in front as far 
as the focal length of the mirror, and connected 
by cross bars of wood, iron or brass — would be 
quite sufficient for a support to the eye-piece, and 
for directing the motion of the instrument. A 
telescope of 40 or 50 feet in length, constructed 
on this plan, would not require one fifth of the 
expense, nor one fourth of the apparatus and 
mechanical power for moving it to any required 
position, which were found necessary in the con- 
struction of Sir W. Herschel's large reflecting 
telescope. The idea here suggested will perhaps 
be more readily appreciated by an inspection of 
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fig. 71, where A Is the abort tube, BC and DE 
the two large bars or arms, connected with cross 
bars, for the purpose of securiDg strength and 
steadiness. At I and K, behind the speculum, 
weights might be applied, if necessaiy, for couQ- 
terbalancing the lever power of the long arm. F 
represents the position of the e;e-piece, and GH 
the joint and part of the pedestal on which the 
instrument is placed. Wito regard to telescopes 
of smaller dimensions, as from 5 to 15 feet in 
focal length — with the exception of the expense 
of the specula and eye-pieces — they might be 
fitted up for a sum not greater than from 3 to 10 
or 15 guineas. 

Were any person to attempt the construction 
of those telescopes, it is possible he might not 
succeed in his first attempts without more minute 
directions than I have yet given. The following 
directions may perhaps tend to guide the experi- 
menter in adjusting the eye-tube to the speculum, 
which is a point that requires to be particularly 
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attended tOj and on which depends the accurate 
performance of the instrument. After having 
fixed the eye-piece nearly in the position it should 
occupy, and directed the instrument to a particular 
objecti look along the arm of the telescope, from 
K (fig. 69.) to the extremity of the eye-piece at 
H, and observe, whether it nearly coincides with 
the object. If the object appear lower than this 
line of vision, the eye-piece must be lowered, and if 
higher, it must be raised, by means of the nuts 
and screws at gd and/?, till the object and the line 
of vision now stated nearly co-incide. The eye-piece 
should be directed as nearly perpendicular to the 
front of the speculum as possible, but so that the 
refiected image of one's head from the mirror shall 
not interfere to obstruct the rays from the object. 
An object may be seen with an approximate 
degree of distinctness, but not accurately, unless 
this adjustment be pretty accurately made. The 
astronomical eye-pieces used for these telescopes 
are fitted with a brass cap which slides on the end 
next the eye, and is capable of being brought 
nearer to or farther from the first eye-glass. In 
the centre of this cap, next the eye, is a small 
hole, about the ^th or ^th of an inch diameter, 
or about as wide as to admit the point of a pin or 
a moderate-sized needle. The distance of this 
hole from the lens next the eye must be adjusted 
by trial, till the whole field of view appear distinct. 
A common astronomical eye-piece, without this ad- 
dition, does not answer well. I find by experience, 
that terrestrial eye-pieces, such as tnose used in 
good achromatic telescopes, are, on the whole, 
best adapted to this construction of a refiecting 
telescope. 

I have sometimes used these instruments for the 
purpose of viewing perspective prints, which they 
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exhibit in a beautiful and interesting manner. If 
a coloured perspective be placed at one end of a 
large room or gallery, and strongly illuminated 
either by the sun or by two candles, and one of 
the reflectors furnished with a small magnifying 
power, placed at the opposite end of the room — 
the representation of a street or a landscape will 
be seen in its true perspective, and will appear 
even more pleasant and interesting than when 
viewed through the common optical diagonal 
machine* If an inverting eye-piece be used — 
which is most eligible in this experiment — the 
print, of course^ must be placed in an inverted 
position. 

That reflecting telescopes of the descriptions now 
stated are original in their construction, appears 
from the uniform language of optical writers, 
some of whom have pronounced such attempts to 
be altogether impracticable. Sir David Brewster, 
one of the latest and most respectable writers on 
this subject, in the ' Edinburgh Encyclopedia ' 
art optics, and in the last edition of his appendix 
to 'Ferguson's Lectures/ has the following re- 
marks : — ' If we could dispense with the use of 
the small specula in telescopes of moderate length, 
by inclining the great speculum^ and using an 
oblique, and consequently a distorted reflection, 
as proposed first by La Maire, we should consider 
the Newtonian telescope as perfect; and on a 
large scale, or when the instrument exceeds 20 
feet, it has undoubtedly this character, as nothing 
can be more simple than to magnify, by a single 
eye-glass, the image formed by a single speculum. 
As the front view is quite impracticable^ and 
indeed ha^ never been attempted in instruments of 
a small size, it becomes of great practicable con- 
sequence to remove as much as possible, the 
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evils which arise from the use of a small specu- 
lum»' &c. 

The instruments now described have effectuated^ 
in some degree, the desirable object alluded to by 
this distinguished philosopher, and the mode of 
construction is neither that of Sir W. HerschePs 
front view, nor does it coincide with that proposed 
by La Maire, which appears to have been a mere 
hint that was never realized in the construction of 
reflecting telescopes of a small size. The simpli- 
city of the construction of these instruments, and 
the excellence of their performance, have been 
much admired by several scientific gentlemen and 
others to whom they have been exhibited. Prior 
to the description of them in the £din. Philos. 
Journal, they were exhibited in the Calton Hill 
Observatory, Edinburgh, in the presence of Pro- 
fessor Wallace, and another gentleman, who com- 
pared their performance with that of an excellent 
Gregorian. As this instrument is distinguished 
from every other telescope, in being used without 
a tube, it has been denominated ' The atrial 
reflector.^ 



SECT. 4. — EARL OF ROSSE's REFLECTING TELE- 
SCOPES. 

This nobleman, unlike many of his compeers, 
has, for a considerable number of years past, 
devoted his attention to the pursuits of science, 
and particularly to the improvement of reflecting 
telescopes. He is evidently possessed of high 
mathematical attainments, combined with an un- 
common degree of mechanical ingenuity. About 
14 or 15 years ago, he engaged in various experi- 
ments with the view of counteracting the effects 
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of the spherical aberration of the specula of reflect- 
ing telescopes — which imperfection, if it could be 
completely remedied, would render the reflecting 
telescope almost a perfect instrument^ as it is not 
afiected by the difi*erent refrangibility of the rays 
of light. His methodi we believe^ consisted in 
forming a large speculum of two or three separate 
pieces of metal, which were afterwards accurately 
combined into one — ^a central part which was 
surrounded by one or two rings ground on the 
same tool. When the images formed by the 
separate pieces, were made exactly to coincide, 
the image of the object towards which the whole 
speculum was directed, was then found to be as 
distinct as either image had been when separate. 
But at the period referred to, a sufficient number 
of experiments had not been made to determine 
that his lordship had completely accomplished the 
object he intended. 

Great interest, however, has of late been ex- 
cited by the improvements which his lordship has 
made in the formation of specula. Sir W. 
Herschel never made public the means by which 
he succeeded in giving such gigantic develope- 
ment to the reflecting telescope : and therefore 
the construction of a large reflector has been con- 
sidered as a perilous adventure. But, according 
to a report of Dr. Robinson of Armagh, to the 
Irish academy, the Earl of Rosse has overcome 
the difficulties which have hitherto been met with, 
and carried to an extent which even Herschel 
himself did not venture to contemplate, the 
illuminating power of this telescope, along with 
a sharpness of definition little inferior to that of 
the achromatic ; and it is scarcely possible, he 
observes, to preserve the necessary sobriety of 
language in speaking of the moon's appearance 
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with this instrumenty which Dr. Robinson beUeves 
to be the most powerful ever constructed. The 
difficulty of constructing large specula^ and of 
imparting to them the requisite degree of polish, 
has hitherto been considered so great, that from 
8 to 12 inches diameter has been in general their 
utmost size. Indeed, except with the greatest 
reluctance, London opticians would not accept of 
orders for specula of more than 9 inches in diame- 
ter. It appears, however, that the Earl of Rosse 
has succeeded, by a peculiar method of moulding, 
in casting object-mirrors of true speculum metal of 
three feet in diameter ^ and of a weight exceeding 
17 cwt. He is about to construct a telescope, the 
speculum of which is six feet in diameter, fifty 
feet focal distance^ and of the weight of four tons ; 
and from what he has already accomplished, it is 
not doubted that he possesses the power to carry 
his design into effect. These great masses of 
metal, which, in the hands of all other makers of 
specula would have been as untractable as so 
much unannealed flint-glass, the Earl of Rosse 
has further succeeded in bringing to the highest 
degree of polish, and the utmost perfection of 
curvature by means of machinery. The process is 
conducted under water, by which means those 
variations of temperature, so fatal to the finest 
specula hitherto attempted, are effectually guarded 
against. To convince Dr. Robinson of the efBcacy 
of this machinery, the earl took the three feet 
speculum out of its telescope, destroyed its polished 
surface, and placed it under the mechanical polisher. 
In six hours it was taken out with a perfect new 
surface as bright as the original. Under the old 
system of hand-polishing, it might have required 
months, and even years, to effect this restoration. 
Even before achieving these extraordinary 
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triumphs on the solid substance, his lordship had 
constructed a six feet reflector by covering a 
curved surface of brass with squares of the true 
speculum metal, which gave an immense quantity 
of light, though subject to some irregularities, 
arising from the number of joinings necessary in 
such a mosaic work. Of the performance of his 
lordship's great telescope, mounted with this 
reflector, those who have seen it speak in terms 
of high admiration ; but in reference to the 
smaller and more perfect instrument, furnished 
with the solid three feet speculum, the language 
of the Armagh astronomer assumes a tone of 
enthusiasm and even of sublimity. By means of 
this exquisite instrument. Dr. Robinson and Sir 
J. Soul£, in the intervals of a rather unfavourable 
night, saw several new stars, and corrected 
numerous errors of other observers. For example, 
the planet Uranus, supposed to possess a ring 
similar to that of Saturn, was found not to have 
any such appendage ; and those nebulae, hitherto 
regarded, from their apparently circular outline, 
as ' coalescing systems, appeared, when tested by 
the three feet speculum, to be very far indeed 
from presenting a globular appearance ; numerous 
ofi*-shoots and appendages, invisible by other tele- 
scopes, appearing in all directions radiating from 
their edges. Such discoveries, which reflect ffreat 
honour on the Earl of Rosse, will doubtless nave 
great efiect on the interests of astronomical 
science.* 

* A psrticiilar aocoont of the Eail of Roue*i fifty-feet Reflector, 
which is DOW finithed, is given in the Appendim, 
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SECT. 5. — REFLECTING TELESCOPES WITH GLASS 

SPECULA. 

After making a variety of experiments with 
aerial telescopes constructed of metallic specula of 
different focal lengths, I constructed a telescope 
on the same plan, with a concave glass mirror. 
Having obtained a fragment of a very large con- 
vex mirror which happened accidentally to have 
been broken, I caused the convex side to be 
foliated, or silverised, and found its focal length to 
be about 27 inches. This mirror^ which was 
about 5 inches diameter, I placed in one of the 
aerial reflectors, instead of the metallic speculum, 
and tried its effects with different terrestrial eye- 
pieces. With a power of about 35 or 40 times, it 
gave a beautiful and splendid view of distant 
terrestrial objects— the quantity of light reflected 
from them, being considerably greater than when 
a metallic speculum was used, and they appeared 
on the whole well-defined. The only imperfect 
tion — ^as I had foreseen — consisted in a double 
image being formed of objects which were remark- 
ably bright and white, such as a light-house whit- 
ened on the outside, and strongly illuminated by 
the sun. One of the images was bright and the 
other faint. This was obviously owing to the two 
reflections from the two surfaces of the mirror — 
one from the convex silverised side, and the other 
from the concave side next the eye, which proi 
duced the faint image— which circumstance has 
been generally considered as a sufficient reason for 
rejecting the use of glass specula in telescopes. 
But although very bright objects exhibited a 
double image, almost all the other objects in the 
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terrestrial landscape appeared quite distinct and 
without any secondary image, so that a common 
observer could scarcely have noticed any imperfec-> 
tion. When the instrument, however, was 
directed to celestial objects, the secondary image 
was somewhat vivid, so that every object appeared 
double. Jupiter appeared with two bodies, at a 
little distance from each other, and his four satel- 
lites appeared increased to eight. The moon like- 
wise appeared as a double orb, but the principal 
image was distinct and well-defined. Sucn a tele- 
scope, therefore, was not well-adapted for celestial 
observations, but might answer well enough for 
viewing terrestrial objects. 

Considering that the injurious effects of the 
secondary image arose from the images reflected 
from the two surfaces being formed near the same 

S>oint, and at nearly the same focal distance, I 
brmed a plan for destroying the secondary image, 
or at least counteracting its effects, by forming 
the concavity of the mirror next the eye of a por- 
tion of a sphere different from that of the convex 
side which was silverised, and from which the 

frincipal image is formed. But, for a long time, 
could find no opticians possessed of tools of a 
sufiScient length of radii for accomplishing my 
design. At length a London working optician 
undertook to finish a glass speculum, according to 
my directions, which were, that the convex sur- 
face of the mirror should be ground on a tool 
which would produce a focal distance by reflection 
of about 4 teet; and that the concave surface 
should have its focal distance at about 8 feet 3 
inches, so that the secondary image might be 
formed at about 9 inches, within the focal dis- 
tance of the silverised side, and not interfere to dis- 
turb the principal image. But, either from 
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ignorance or inattention, the artist mistook the 
radius for the half radius of concavity, and the 
speculum turned out to be only 23 inches focal 
distance by reflection. This mirror was fitted up 
as a telescope, on the aerial plan, and I found, as 
I expected, the secondary image completely 
destroyed. It produced a very beautiful and 
brilliant view of land objects, and even the bright^ 
est objects exhibited no double image. The mir- 
ror was nearly 6 inches in diameter, but the image 
was most accurately defined when the aperture 
was contracted to about 3 inches. It was fitted 
with a terrestrial eye-piece which produced a 
magnifying power of about 25 times. When 
directed to the moon, it gave a very distinct and 
luminous view of that orb, without the least 
appearance of a secondary image. But as the 
focal distance of the speculum was scarcely half the 
length I had prescribed, I did not apply to it any 
high astronomical powers ; as I find, that these 
can only be applied with effect, in this construc- 
tion, to a speculum of a considerable focal length. 
Happening to have at hand a convex lens 10 feet 
focal length, and 4 inches in diameter — the one 
side of which had been ground to a certain degree 
of concavity — I caused the convex side to be 
foliated, which produced a focus by reflection, at 
13| inches distant. To this mirror I applied 
terrestrial powers of 15 and 24, with considerable 
distinctness. The power of 15 produced a very 
brilliant and distinct view of land objects. Had 
the mirror been at least 3 times the focal length, 
it would have formed an excellent telescope, with 
the same aperture. 
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SECT. 6. — A REFLECTING TELESCOPE, WITH A 
SINGLE MIRROR AND NO EYE-PIECE. 

On the same principle as that by which a refract- 
ing telescope may be constructed by means of a 
single lens — as represented fig. 51, (page 2&4f) 
we may form a telescope by reflection with a 
single mirror, and without an eye-piece. Let 
AB, fig. 72, represent a large concave speculum, 

^gvtrt 72, 
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and C its focus — ^if an eye be placed at D, about 
8 or 10 inches within the focal point C, all the 
objects in the direction of C, or behind the spec- 
tator, will be seen magnified by reflection on 
the face of the mirror, and strongly illuminated. 
The magnifying power, in this case, will be nearly 
in the proportion of the focal length of the mirror 
to the focal length of the eye for near objects. 
If for example, the focal distance of the mirror be 
8 feet, and the distance from the eye at which we 
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PRICES OP REFLECTING TELESCOPES. 

1. Prices as stated by Messrs. W. and S. Jones, 
Holborn, London. 



A 4 feet, 7 mch apertnie Gregorian reflector, with the 
vertical motionB upon a new invented principle, as well aa 
apparatus to render the tube more steady for observation. 



8, 



according to the additional apparatus of small speculums, 
e-pieces, micrometers, &c. - • from 802. to 

Three feet long, mounted on a plain brass stand - - 23 2 



eye-pieces, micrometers, &c. - • from 802. to 120 

Three feet Ions, mounted on a plain brass stand - - ~ 

Ditto with rack-work motions, improved mountings and 



metals - - - - - > - 39 18 

Two feet long without rack-work, and with 4 magnifying 

powers, improved - - - - - -16 IS 

Ditto improved, with rack -work motions - - - 22 I 

Eighteen inch, on a plain stand - - - - 9 9 

Twelve inch ditto - - - - - -66 

2. Prices as stated by Messrs. TuUey, Islington. 

£ s. 

1 foot Gregorian Reflector, on pillar-and-claw stand, metal 
2} inches diameter, racked in a mahogany box - - 6 6 

1 ^ foot ditto on pillar and claw stand, metal 3 inches dia- 
meter, packed in a mahogany box - . - . 

2 feet ditto, metal 4 inches diameter ... 
Ditto with rack-work motions .... 

3 feet ditto, metal 5 inches diameter, nck-work motions • 

4 feet ditto, metal 7 inches diameter, on a tripod stand 
with centre of gravity motion .... 

6 feet ditto, metal 9 inches diameter ... 

7 feet Neu^onian^ 6 inches aperture ... 
12 feet ditto, metal 12 inches diameter ... 

8. Prices stated by Mr. G. DoUond, St. Paul's 
Church Yard. 



Reflecting teleacopes 14 inches long, in a mahogany box - 
Ditto, 18 inches .----. 
Ditto 2 feet -..--. 

Ditto with 4 different powers, and rack-work stand sap- 



Intto witn 4 oinerent po' 
porting the telescope in the 
Ditto 8 feet, with ditto 



centre of gravity 



11 


11 


16 16 


25 


4 


42 





105 





210 





105 





525 





r» 


M 


Pau 


Ls 


£ 


5. 


9 


9 


12 12 


18 


18 


36 15 


50 






4. Prices of single speculums and reflecting 
telescopes, as made by Mr. Grub, Charlemont 
Bridgeworks, Dublin. 
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ing power may be nicely determined, by dividing 
the focal length of the object-lens by that of the 
eye-glass. But, as the pencil of white light trans- 
mitted by the object-glass, will be divided by the 
eye-glass into its component colours, the object 
will appear bordered with coloured fringes, and 
the distinctness of vision consequently injured. 
Besides, the spherical aberration, when a single 
lens is used, is much greater than when two or 
more glasses are employed. Hence astronomical 
eye-pieces are now formed by a combination of at 
least two lenses. 

The combination of lenses now generally used 
for astronomical purposes, is that which is usually 
denominated the Huygenian eye-piece^ having been 
first proposed by the celebrated Huygens, as a 
great improvement on the single lens eye-piece. 
The following figure (78) represents a section of 




this eye-piece. Let AB be a compounded pencil 
of white light proceeding from the object-glass ; 
BF a piano convex field-glass, with its plane side 
next the eye-glass E. The red rays of the pencil 
AB, after refraction would cross the axis in R, 
and the violet rays in V, but meeting the eye- 
glass £, the red rays will be refiracted to O, and 
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The image is fonned at IM, at the focal dis- 
tance of the lens next the eye, and at the same 
distance from the field-glass. When distinct vision 
is the principal object of an achromatic telescope, 
the two lenses are usually both plano-convex, 
and fixed with their curved faces towards the ob- 
ject glass, as in the figure. Sometimes, however, 
they consist of what is called crossed lenses, that 
is lenses ground on one side to a short focus, and 
on the other side to a pretty long focus, the sides 
with the deepest curves being turned towards the 
object glass. A diaphragm, or aperture of a 
proper diameter, is placed at the focus of the eye 
lens, where the image formed by the object-glass 
falls, for the purpose of cutting off the extreme 
rays of the field lens, and rendering every part of 
the field of view equally distinct. This is like- 
wise the form of the eye-piece generally applied 
to Gregorian reflectors. In short, when accu- 
rately constructed, it is applicable to telescopes of 
every description. This eye-piece, having the 
image viewed, by the eye behind the inner lens, 
is generally called the negative eye-piece, and is 
that which the optical-instrument makers usually 
supply, of three or four different sizes, for so many 
magnifying powers, to be applied to different celes- 
tial objects, according to their nature or the state 
of the atmosphere in which they are used. 

Itamsden*s eye-piece, — There is another modi- 
fication of lenses, known by the name of the 
Positive, or Ramsden's eye-piece, which is much 
used in Transit instruments, and telescopes which 
are furnished with micrometers, and which affords 
equally good vision as the other eye-piece. In 
this construction the lenses are plano-convex, and 
nearly of the same focus, but are placed at a dis- 
tance from each other less than the focal distance 
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focusj it is not altered by a change of the magnify- 
ing power, when a second eye-piece of this con- 
struction is substituted. 

Aberration of lenses, — In connection with the 
above descriptions, the following statements re- 
specting the spherical aberration of lenses may 
not be inappropriate. Mr. John DoUond, in a 
letter to Mr. Short, remarks, that * the aberration 
in a single lens is as the cube of the refracted 
angle ; but if the refraction be caused by two 
lenses, the sum of the cubes of each half will 
be i of the refracted angle, twice the cube of 1 
being i the cube of 2. So three times the cube 
of 1 is only one ninth of the cube of 8.' &c. 
Hence the indistinctness of the borders of the 
field of view of a telescope is diminished by in- 
creasing the number of lenses in an eye piece. 
Sir J. Herschel has shown that if two plano-con- 
vex lenses are put together as in fig. 75, the aber- 
ration will be only 0.2481, or one fourth of that 
of a single lens in its best form. The focal length 
of the first of these lenses, must be to that of the 

/^wrt 78, Hgwrt 78. 





second as 1 to 2.8. If their focal lengths are equal, 
the aberration will be 0.603, or nearly one half. 
The sphericd aberration, however, may be entirely 
destroyed by combining a meniscus and double 
convex lens, as shown in fig. 76, the convex sides 



It ma; appear a carious circumstance that any 
eve-piece which is good with a short telescope, is 
uso good with a long one, but that the reverse is 
not true ; for it is found to be more difficult to 
make a good eye-piece for a short than for a long 
focal distance of the object-glass. 

Celestial eye-pieces are sometimes constructed 
so as to produce variahle powert. This is effected 
by giving a motion to the lens next the eye, so as 
to remove it nearer to or farther from the field 
lens ; for at every different distance at which it is 
placed Irom the other lens, the magnifying power 
will either be increased or diminished. The 
greatest power is when the two lenses are nearly 
in contact, and the power diminishes in propor- 
tion to the distance at which the glass next the 
eye is removed from the other. The scale of dis- 
tance, however, between the two lenses, cannot 
be greater than the focal distance of the field, or 
inner glass ; for if it were, the lenses would no 
longer form an eye-piece, but would be changed 
into an inverting opero-gbss. For effecting the 
purpose now stated, the eye-glass is fixed in a tube 
which slides upon an interior tube on which is 
marked a scale of distances, corresponding to cer- 
tain magnifying powers ; and, in this way an eye- 
piece may be made to magnify about double the 
number of times, when the lenses are in one posi- 
tion than when they are in another- — as, for exam- 
ple, all the powers from 86 to 72 times may be 
tbos applied, merely by regulating the distance 
between the two lenses. When the glasses are 
varied in this manner the eye-piece becomes 
sometimes a poMttive eye-piece, like Ramsden's, 
and sometimes a negative one like that of 
Huygens. 

Diagonal eye-piecet. The eye-pieces to which 
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we have now adverted, when adapted to refracting 
telescopes, both reverse and invert the object, and 
therefore are not calculated for showing terrestrial 
objects in their natural position. But as the 
heavenly bodies are of a spherical form, this cir- 
cumstance detracts nothing from their utility. 
When the celestial object, however, is at a high 
altitude, the observer is obliged to place his head 
in a very inconvenient position, and to direct his 
eye nearly upwards ; in which position he cannot 
remain long at ease, or observe with a steady eye. 
To remedy this inconvenience, the diagonal eye- 

Eiece has been invented, which admits of the eye 
eing applied at the side — or at the upper part of 
the eye-piece, instead of the end ; and when such 
an eye-piece is used, it is of no importance in 
what direction the telescope is elevated, as the 
observer can then either sit or stand erect, and 
look down upon the object with the utmost ease. 
This object is effected by placing a flat piece of 
polished speculum-metal at an angle of 45 
degrees in respect to the two lenses of the eye- 
piece, which alters the direction of the converging 
rays, and forms an image which becomes erect 
with respect to altitude, but is reversed with 
respect to azimuth; — that is, in other words, 
when we look down upon the objects in the field 
of view, they appear erect ; but that part of an 
object which is in reality on our right hand appears 
on our left ; and if it be in motion, its apparent 
is opposite to its real motion ; if it be moving 
towards the west, it will seem to move towards 
the east. 

There are three situations in which the diagonal 
reflector in this eye-piece may be placed. It 
may be placed either I. before the eye-piece,— or 
2. behind it, — or 3. between the two lenses of 



which the eye-piece consiBts. The most common 
position of the reflector is between the lenses ; and 
this may be done both in the negative and the 
positive eye-pieces ; but as the distance between 
the two lenses is necessarily considerable, to make 
room for the diagonal position of the re&ector, the 
magnifying power cannot be great ; otherwise, a 
diagonal eye-piece of this construction remains 
always in adjustment, and is useful in all cases 
where a high power is not required. The follow- 
ing is a description and representation of a 
diagonal eye-piece of this kind in my possession. 



Id fig. 77, A3 represents the plano-convex lens 
next the object, which is about 2 inches in focal 
length, and i inch in diameter; CD, a plain 
metallic speculum of an oval form, well polished, 
and placed at half a right angle to the axis of the 
tube ; and EF another plano-convex lens, about 
1^ inch focal distance. The centre of the specu- 
lum is about 1} inch from the lens AB, and about 
^ or ^ inch from EF ; so that this eye-piece is a 
pontive one, on the principle proposed by Rams- 
den. The rays proceeding from Uie lens AB, and 
falling upon the speculum, are reflected in a per- 



Any magnifying power, and if several different 
eye-pieces be fitted to the sliding tube, they may 
be changed at pleasure. This form of the diagonaJ 
eye-piece, I therefore consider as the best and the 
most convenient construction, although it is not 
commonly adopted by opticians. 

When any of these eye-pieces are applied to a 
telescope, with the lens E on the upper part of it, 
we look down upon the object, if It be a terrestrial 
one, as if it were under our feet. If we turn the 
eye-piece round in Its socket a quarter of a circle 
towards the left, an object directly before us in 
the south, will appear as If it were in the teett and 
turned upside down. If, from this position, it is 
turned round a semicircle towards the right, and 
the eye applied, the same object will appear as if 
it were situated in the east, and inverted ; and If 
it be turned round another quadrant, till it be 
directly opposite to its first posiUon, and the eye 
applied from below, the object or landscape will 
appear as if suspended in the atmosphere above 
us. This eye-piece, therefore, is capable of ex- 
hibiting objects In a great variety of aspects, and 
the use of it is both pleasant and easy for the 
observer. But there is a considerable loss of light, 
occasioned by the reflection from the speculum, 
which is sensibly felt when very high powers are 
applied; and therefore when very smaU stars are 
to DC observed, such as some of those connected 
with double or triple stars, the observer should 
not study his own ease so much as the quantity of 
light he can retain with a high power, which ob- 
ject is best attained with an ordinary eye-piece 
and a telescope of large aperture. 

We have said that a diagonal eye-piece may be 
constructed with a reflector before the eye-piece. 
In this case, the speculum is sometimes made to 
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from each otheri formerly constituted the terres^ 
trial eye-piece, as represented in fig. 47* But 
this construction, especially for achromatic instru- 
ments, has now become obsolete, and is never 
used, except in small pocket spy-glasses formed 
with a single object lens. In its place a four 
glassed eye-piece has been substituted, which is 
now universally used in all good telescopes, and 
which, besides improving the vision and producing 
an erect position of the images of objects, pre- 
sents a considerably larger field of view. During 
the progressive stages of improvement made in 
the construction of erect eye-pieces by DoUond 
and Ramsden, three, four, and five lenses were 
successively introduced; and hence, in some of 
the old telescopes constructed bv these artists, we 
frequently find five lenses of di£krent descriptions 
composing the eye-piece. But four lenses, 
arranged in the manner I am now about to de- 
scribe, have ultimately obtained the preference. 
In a telescope having a celestial eye-piece of the 
Huygenian form, the image that is formed in the 
focus of the object glass, is that which is seen 
magnified, and in an inverted position ; but when a 
four glassed eye-piece is used, which produces an 
erect view of the object, the image is repeated, 
and the second image, which is formed by the 
inner pair of lenses AB on an enlarged scale, is 
that wnich the pair of lenses CD at the eye-end 
render visible on a scale still more enlai^ed. The 
modem terrestrial eye-piece, represented in fig. 
79, is, in fact, nothing else than a compound 
microscope, consisting of an object lens, an ampli- 
fying lens, and an eye-piece composed of a pair 
of lenses on the principle of the Huygenian eye- 
piece. Its properties will be best understood by 
considering the first image of an object, which is 
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formed in the focus of the object glass^ as a small 
laminous object to be rendered visible, in a magni- 
fied state, by a compound microscope. The object 
to be magnified may be considered as placed near 
the point A, and the magnified image at i, which 
is viewed by the lens D. Hence, if we look 
through such an eye-piece at a small object placed 
very near the lens A, we shall find that it acts as 
a compound microscope of a moderate magnifying 
power increasing, in . some cases, the diameter 
of the object about 10 times, and 100 times in 
surface. 

In order to distinguish the different lenses in 
this eye-piece, we may call the lens A, which is 
next to the first image, the obfect-letu, the next to 
it B, the ampUfying-letUf the third, or C, the 
fieldr-leru^ and the one next the eye, D, the eye^' 
lens. The first image formed a little before A, 
may be denominated the radiant^ or the object 
from which the rays proceed. Now, it is well 
known as a principle in optics, that if the radiant 
be brought nearer to the lens than its principal 
focus, the emerging rays will diverge^ and, on the 
contrary, if the radiant be put farther firom the 
lens than its principal focal distance, the emerging 
rays will converge to a point at a distance beyond 
the lens, which will depend on the distance of the 
radiant from the first face of the lens. In this 
place an image of the radiant will be formed by 
the concurrence of the converging rays, but in a 



contrary position ; and the length of the image 
will exceed the length of the radiant in the same 
proportion, as the distance of the image from the 
radiant exceeds that of the radiant from the lens. 
This secondary image of the radiant at i, is not 
well-defined, when only one lens, as A, is used, 
owing to the great spherical aberrations, and 
therefore the amplifying lens is placed at the dis- 
tance of the shorter conjugate focus, with an in- 
terveniag diaphragm of a small diameter at the 

ftlace of the principal focus; the uses of which 
ens and diaphragm are, first to cut off the coloured 
rays that are occasioned by the dispersive property 
of the object lens, — and secondly, to bring the 
rays to a shorter conjugate focus for the place of 
the image, than would have taken place with a 
single lens having only one refraction. As the 
secondary image is in this way much better de- 
fined and free from colouration, the addition of 
this second lens is a great improvement to vision. 
For this reason I am clearly of opinion, that the 
object glass of a compound microscope, instead of 
consisting of a small single lens, should be formed 
of two lenses on the principle now stated, which 
would unquestionahl; add to the distinctness of 
vision. 

With respect to the proportiont of the focal 
length* of the lentee in tnis four glass eye-piece, 
Mr. Coddington states, that if the focal lengths, 
reckoning from A to D, fig. 79, be as the numbers 
3, 4, 4 and 3, and the distances between them on 
the same scale, 4, 6, and 5, 2, the radii, reckon- 
ing from the outer surface of A, should be thus:— 



'^Second tnr&ce 1 
rFintxirbM 9-, 
^Second HufM!* 4/ 
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Detcriplion of an eye-piece, ^c. of an old Dutch 
jichromalic Teletcope. 

About twenty or thirty years affo, I purchased, 
in an optician's shop in Edinburgh, a small achro- 
matic telescope, made in Amsterdam, which was 
supposed, by the optician, to have been constructed 

Krior to the invention of achromatic telescopes by 
[r. DoIIond. It is mounted wholly of brass, and 
in all its parts is a piece of beautiful and exqui- 
site workmanship, and the utmost care seems to 
have been token to have all the glasses and dia- 
phragms accurately adjusted. The object glass is 
a double achromatic, 6i Inches focal distance and 
1 inch diameter, but the clear aperture is only i 
inch diameter. It is perfectly achromatic, and 
would bear a power of 60 times, if it had 
a sufficient quantity of light. The following in- 
scription is engraved on the tube adjacent to the 
object glass :— " Jan van Deyl en Zoon Invenit et 
Fecit, Anulerdam, Ao. 1769." Although DoI- 
Iond exhibited the principle of an achromatic 
telescope, eight or ten years before the date here 
specified, yet it is not improbable that the artist 
whose name is here stated, may not have heard of 
Dollond's invention ; and that he was really, as he 
assumes, one of the inventors of the achromatic 
telescope. For, the invention of this telescope by 
DoHond was not very generally known, except 
among philosophers and the London opticians, till 
a number of years after tl* date above stated. 
Euler, in his " Letters to a German Princess" — in 
which telescopes are particularly described, makes 
no mention of, nor the least allusion to the invention 
of Bollond, though this was a subject which par- 
ticularly engaged bis attention. Now, these letters 
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were written in 1762, but were not published till 
1770. When alluding to the defects in telescopes 
arising from the different refrangibilitj of the rays 
of lighty in Letter 43, and that they might possibly 
be rectified by means of different transparent 
substances, he says, ' But neither theory nor 
practice have hitherto been carried to the degree 
of perfection necessary to the execution of a 
structure which should remedy these defects.' Mr. 
B. Martin, in his ' Gentleman and Lady's Philo- 
sophy,' published in 1781, alludes to the achro- 
matic telescope, but speaks of it as it were but 
very little, if at all superior to the common re- 
fracting telescope. And therefore, I think it 
highly probable that Jan van Deyl, was really 
an inventor of an achromatic telescope, before 
he had any notice of what DoUond and others 
had done in this way some short time before. 

But my principal object in adverting to this 
telescope, is to describe the structure of the eye- 
piece, which is a very fine one, and which is some- 
what different from the achromatic eye-piece 
above described. It consists of four glasses, two 
combined next the eye, and two next the object. 
Each of these combinations forms an astronomical 
eye-piece nearly similar to the Huygenian. The 
lens A, next the object, fig. 80, is f inch focal 
distance, and ^ inch diameter ; the lens B f inch 
focus, and l inch diameter, and the distance be- 
tween them somewhat less than t inch ; the 
diameter of the aperture e about ^ of an inch. 
This combination forms an excellent astronomical 
eye-piece, with a large flat field, and its magnify- 
ing power is equivalent to that of a single lens f 
or I focal length. The lens C is |^ inch focal 
length, and ^ inch diameter ; the lens D i inch 
focus, and about ; inch diameter ; their distance 




about i inch, or a small fraction 
more. The hole at da about g 
or ^ of an inch diameter, and the 
distance between the lenses B 
and C about !■ inch. The whole 
length of the eye-piece is 8^ 
inches— exactly the same size as 
represented in the engraving. 
Its magnifying power is equal to 
that of a single lena i inch focal 
length ; and consequently the 
telescope, though only 9i inchea 
long, magnifies 26 times, with 
great distinctness, though there 
IS a little deficiency of light when 
viewing land objects, which are 
not well illuminated. 

The glasses of this telescope 
are all plano-convex, with their 
convex-sides towards the object 
—except the lens D, which is 
double convex, but fiattest on the 
side next the eye, and they are all 
very accurately finished. The two 
lenses C and D form an astrono- 
mical eye-piece nearly similar to 
that formed by the lenses A and B. The focus of 
the telescope is adjusted by a screw, the threads of 
which are formed upon the outside of a tube into 
which the eye-piece slides. The eye-piece and 
apparatus connected with it, is screwed into the 
inside of the main tube, when not in use, when 
the instrument forms a compact brass cylinder 6 
inches long, which is enclosed in a fish-skin case, 
lined with siUc velvet, which opens with hinges. 

The lenses in the eye-pieces formerly described, 
though stated to be plano-convezea, are for the 
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magnifying powers, by which the power of the 
telescope will be seen at every division, when the 
lowest power is once determined. 

Sir David Brewster, in bis ' Treatise on New 
FhiloBopbical instruments,' Book i, chap. vii. 
page 59, published in 1813, has adverted to this 
circum stance, in his description of bq ' Eye-piece 
wire micrometer,' and complains of Mr. Ezekiel 
Walker, having in the ' Philosophical Magazine ' 
for August, 1811, described such an instrument 
as an invention of his own. Dr. Kitchener some 
years afterwards, described what he called a Pan- 
cratic or omnipotent eye-piece, and got one made 
by DoUond, with a few modifications different from 
that suggested by Brewster and Walker, which 
were little else than cutting the single tube into 
several parts, and giving it the appearance of a 
new invention. In fact, none of these gentlemen 
had a right to claim it as his peculiar invention, as 
the principle was known and recognbed long be- 
fore. I had increased the magnifying powers of 
telescopes, on the same principle, several years 
before any of these gentlemen communicated theit 
views on the subject, although I never formally 
constructed a scale of powers. Mr. B. Martin, 
who died in 1783, proposed many years before, 
such a moveable interior tube as that alluded to, 
for varying the magnifying power. 

In order to give the reader a more specific idea 
of this contrivance, I shall present him with a 
figure and description of one of Dr. Kitchener's 
Pancratic eye-pieces, copied from one lately in my 
possession. The following are the exact dimen- 
sions of this instrument, with the focal distances, 
&c. of the glasses, &c. of which it is composed. 



much better adapted to a 81 feet telescope. Each 
alt«raUon of the inaniifyiiig power requires a 
new ac^justment of me eje-piece for distinct 
vision. As the magnifying power is increased, 
the distance between the eje-glass and the object- 
glass must be diminished. Dr. Kitchener says, 
that ' the pancratic eye tube gives a better defined 
image of a fixed star, and shows double stars de- 
cidedly more distinct and perfectly separated than 
any other eye tube, and that such tubes will pro- 
bably enable us to determine the distances of 
these objects from each other, in a more perfect 
manner than has been possible heretofore.' 
These tubes are made by Dollond, London, and 
are sold for two guineas each. But I do not 
think they excel, in distinctness, those which 
are occasionally made by Mr. Tulley and other 
opticians. 
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that is, the tube must be drawn, in this case, an 
inch farther from the object-glass, and pushed in 
the same extent, when we wish to view an object 
at the distance of two or three miles. These 
adjustments are made, in pocket perspectives, by 
gently sliding the eye-tube in or out, by giving it 
a gentle circular or spiral motion till the object 
appear distinct. In using telescopes which are 
held in the hand, the best plan is to draw all the 
tubes out to their full length, and then, looking at 
the object, with the left hand supporting the main 
tube near the object-glass, and the right support- 
ing the eye-tube — gently and gradually push in 
the eye-piece till distinct vision be obtained. In 
Gregorian reflecting telescopes this adjustment is 
made by means of a screw connected with the 
small speculum; and in large achromatics, by 
means of a rack and pinion connected with the 
eye-tube. When the magnifying power of a 
telescope is comparatively small, the eye- tube 
requires to be altered only a very little. 

There is another adjustment requisite to be 
attended to, in order to adapt the telescope to the 
eyes of different persons. Those whose eyes are 
too convex^ or who are short-sighted, require the 
eye-tube to be pushed in, and those whose eyes are 
somewhat flattened, as old people, require the tube 
to be drawn out. Indeed there are scarcely two 
persons whose eves do not require different adjust- 
ments in a slight degree. In some cases I have 
found that the difference of adjustment for two 
individuals, in order to produce distinct vision in 
each, amounted to nearly half an inch. Hence 
the difficulty of exhibiting the sun, moon, and 
planets through telescopes, and even terrestrial 
objects, to a company of persons who are unac* 
quainted with the mode of using or adjusting such 
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instruments — not one half of whom generally see 
the object distinctly — for, upon the proper adjust- 
ment of a telescope to the eye, the accuracy of 
vision, in all cases, depends ; and no one except 
the individual actually looking through the instru- 
ment, can be certain that it is accurately adjusted 
to his eye, and even the individual himself, from 
not being accustomed to the view of certain ob- 
jects, may be uncertain whether or not the adjust- 
ment be correct. I have found by experience 
that whea the magnifying powers are high, as 150 
or 200, the difference of adjustment required for 
different eyes is very slight ; but when low powers 
are used, as 20, 30, or 40, the difference of the 
requisite adjustments is sometimes very considera-* 
ble, amounting to ^ or i of an inch. 

2. State of the Atmosphere most proper for 
observing terrestrial and celestial objects. The 
atmx>sphere which is thrown around the globe 
-—while it is essentially requisite to the physical 
constitution of our world, and the comfort of its 
inhabitants — ^is found in many instances a serious 
obstruction to the accurate performance of teles- 
copes. Sometimes it is obscured by mists and 
exhalations, sometimes it is thrown into violent 
undulations by the heat of the son and the process 
of evaporation, and even, in certain cases, where 
there appears a pure unclouded azure, there is an 
agitation among its particles and the substances 
incorporated with them, which prevents the teles- 
cope from producing distinct vision either of ter- 
restrial or celestial objects. For viewing distant 
terrestrial objects, especially with high powers, the 
best time is early in the morning, a little after sun- 
rise, and, from that period till about 9 o'clock 
A.M.^ in summer ; and, in the evening about two 
or three hours before sun-set. From about 10 

R2 



364 THE PRACTICAL ASTRONOMER. 

o'clock A.M. till 4 or 6 in the afternoon^in summer, 
if the sky be clear and the sun shining, there is 
generally a considerable undulation in the atmos- 
phere, occasioned by the solar rays and the rapid 
evaporation, which prevents high powers from 
being used with distinctness on any telescope, 
however excellent. The objects at such times, 
when powers of 50, 70, or 100 are applied, appear 
to undulate like the waves of the sea, and, not- 
withstanding every effort to adjust the telescope, 
they appear confused and indistinct. Even with 
very moderate magnifying powers this imperfec- 
tion is perceptible, in such circumstances, I 
have sometimes used a power of 200 times on 
distant land objects, with good effect, a little before 
sunset, when, in the forenoon of the same day, I 
could not have applied a power of 60 with any 
degree of distinctness. On days when the air is 
clear, and the atmosphere covered with clouds, 
terrestrial objects may be viewed with considerably 
high powers. When there has been a long-con- 
tinued drought, the atmosphere is then in a verr 
unfit state for enjoying distinct vision with hign 
magnifying powers, on account of the quantity of 
vapours witn which the atmosphere is then sur* 
charged, and the undulations they produce. But, 
after copious showers of rain, especially if accom- 
panied with high winds, the air is purified, and 
distant objects appear with greater brilliancy and 
distinctness than at any other seasons. In using 
telescopes, the objects at which we look should, u 
possible, be nearly in a direction opposite to that of 
the sun. When they are viewed nearly in the 
direction of the sun, their shadows are turned 
towards us, and they consequently appear dim and 
obscure. By not attending to this circumstance, 
some persons^ in trying telescopes^ have pro* 



MANNER OP USING TELESCOPES. 865 

nounced a good instrument to be imperfect, which, 
bad it been tried on objects properly illuminated, 
would have been found to be excellent* In our 
variable northerly climate the atmosphere is not 
so clear and serene for telescopic observation as in 
Italy, the South of France, and in many of the 
countries which lie within the tropics. The un- 
dulations of the air, owing to the causes alluded 
to above, constitute one of the principal reasons 
why a telescope magnifying above a hundred 
times can seldom be used with any good effect in 
viewing terrestrial objects — though I have some- 
times used a power of nearly 200 with considera- 
ble distinctness, in the stillness of a summer or 
autumnal evening, when the rays of the declining 
sun strongly illuminated distant objects. 

The atmosphere is likewise frequently a great 
obstruction to the distinct perception of celestial 
objects. It is scarcely possible for one who has 
not been accustomed to astronomical observations, 
to form a conception of the very great difference 
there is in the appearance of some of the heavenly 
bodies in different states of the atmosphere. 
There are certain conditions of the atmosphere 
essentially requisite for making accurate observa- 
tions with powerful telescopes, and it is but seldom, 
especially in our climate, that all the favourable 
circumstances concur. The nights must be very 
clear and serene — the moon absent — no twilight—^ 
no haziness— no violent wind— no sudden change 
of temperature, as from thaw to frost — and no 
surcharge of the atmosphere with aqueous 
vapour. I have frequently found that, on the 
first and second nights after a thaw, when a 
strong frost had set in, and when the heavens 
appeared very brilliant, and the stars vivid 
and sparkling — the planets, when viewed vrith 
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high powera, appeared remarkahly undefined and 
indistinct; their margins appeared waving and 
jaggedy and the belts of Jupiter, which at other 
times were remarkably distincty were so obscured 
and ill-defined, that they could with difficulty be 
traced. This is probably owing to the quantity 
of aqueous vapour, and perhaps icy particles, then 
floating in the air, and to the undulations thereby 
produ^d. When a hard firost has continued a 
considerable time, this impediment to distinct 
observation is in a great measure removed. But 
I have never enjoyed more accurate and distinct 
views of the heavenly bodies than in fresh serene 
evenines, when there was no frost and no wind, 
and only a few fleecy clouds occasionally hovering 
around. On such evenings, and on such alone, 
the highest powers may be applied. I have used 
msgnifying powers on such occasions with good 
efiect, which could not have been applied, so as to 
ensure distinct vision, more frequently than two or 
three days in the course of a year. 

Sir mlliam Herachel has observed, in reference 
to this pointy * In beautiful nights, when the out- 
side of our telescopes is dropping with moisture, 
discharged from the atmosphere, there are now 
and then favourable hours in which it is hardly 
possible to put a limit to the magnifying powers, 
but such valuable opportunities are extremely 
scarce, and with large instruments it will always 
be lost labour to observe at other times. In order 
tbereforci to calculate how long a time it must 
take to sweep the heavens, as far as they are 
within the reach of mj forty-feet telescope, 
charged with a magnifying power of 1000, I 
have had recourse to my journals to find how 
many favourable hours we may annually hope for 
in this climate. And, under all fiivourable cir- 
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cumstances, it appears, that a year which will 
afford ninety, or at most, one hundred hours is to 
be called very productive/ ' In the equator, 
with my twenty feet telescope, I have swept over 
zones of two degrees with a power of 157, but an 
allowance of ten minutes in Polar distance must 
be made for lapping the sweeps over one another 
where they jom* As the breadth of the zones 
may be increased towards the poles, the northern 
hemisphere may be swept in about 40 zones ; to 
these we must add 19 southern zones ; then 59 
zones which, on account of the sweeps lapping 
over one another, about 6 minutes of time in 
right ascension, we must reckon of 25 hours each, 
will give 1475 hours. And allowing 100 hours 
per year, we find that with the 80 feet telescope, 
the heavens may be swept in about 14 years and 
three quarters. Now the time of sweeping with 
different magnifying powers will be as the squares 
of the powers; and putting;) and t for the power 
and time in the 20 feet telescope, and P=1000 
for the power in the 40 feet instrument, we shall 

have p2 : t : : P" : ~ =59840. Then making 

the same allowance for 100 hours per year, it 
appears that it will require not less than 598 
years, to look with the 40 feet reflector, charged 
with the above-mentioned power, only one single 
moment into each point of space ; and even then, 
so much of the southern hemisphere will remain 
unexplored, as will take up 218 years more to 
examine.** 

From the above remarks of so eminent an 
observer, the reader will perceive how difficult it 
is to explore the heavens with minuteness and 
accuracy^ and with how many disappointments, 

* PhiloflopliiGal TianaactionB for 1800, Vol XC. p. 80, &c. 
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arising from the state of the atmosphere, the 
astronomer must lay his account, when employed 
in planetery or sidereal investigation. Besides the 
circumstances now stated, it ought to be noticed 
that a star or a planet is only in a situation for a 
high magnifying power, about half the time it is 
above the horizon. The density of the atmos- 
phere, and the quantity of vapours with which it 
is charged near the horizon, prevent distinct vision 
of celestial objects with high powers, till they have 
risen to at least 15 or 20 degrees in altitude, and 
the highest magnifiers can scarcely be applied 
with good efiect, unless the object is near the 
meridian, and at a considerable elevation above 
the horizon. If the moon be viewed a little after 
her rising, and afterwards when she comes to her 
highest elevation in autumn, the dijETerence in her 
appearance and distinctness will be strikingly per- 
ceptible. It is impossible to guess whether a 
night be well adapted for celestial observations, till 
we actually make the experiment, and instru- 
ments are frequently condemned, when tried at 
improper seasons, when the atmosphere only is in 
fault. A certain observer remarks, — ' I have 
never seen the face of Saturn more distinctly 
than in a night when the air has been so hazy, 
that with my naked eye, I could hardly discern a 
star of less than the third magnitude.' The 
degree of the transparency of the air is likewise 
varying almost in the course of every minute, so that 
even in the course of the same half hour, planets 
and stars will appear perfectly defined, and the 
reverse. The vapours moving and undulating the 
atmosphere, even when the sky appears clear to 
the naked eye, will in a few instants destroy the 
distinctness of vision, and in a few seconds more, 
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the object will resume its clear and well-defined 
aspect.* 

3. On the magnifying potvert requisite for 
observing the phenomena of the different planets — 
comets— double stars, &c. 

There are some objects connected with astro- 
nomy which cannot be perceived without having 
recourse to instruments and to powers of great 
magnitude. But it is a vulgar error to imagine 
that very large and very expensive telescopes 
are absolutely necessary for viewing the greater 
part of the more interesting scenery of the heavens. 
Most of the phenomena of the planets^ comets 
and double stars and other objects, are visible 
with instruments of moderate dimensions, so that 
every one who has a relish for celestial investiga- 
tions, may, at a comparatively small expense, 
procure a telescope, for occasional observations, 
which will show the principal objects and pheno- 
mena described in books on astronomy. Many 
persons have been misled by some occasional 
remarks which Sir W. Herschel made,in reference 
to certain very high powers which he sometimes 
put, by way of experiment, on some of his teles- 
copes, as if these were the powers requisite for 
viewing the objects to whfch he refers. For 
example, it is stated that he once put a power of 
6450 times on his 7 feet Newtonian telescope of 
6 ,^ inches aperture; but this was only for 'the 
purpose of an experiment, and could be of no 



* In asing teleieopea vitfain doon, care ftbould generally be taken, 
that there be no firee in the apartment where they are placed for ob* 
Bervation, and that the air within be nearly of the same temperature 
aa the air of the surrounding atmosphere ; for if the room be filled 
with heated air, when the windows are opened, there will be a cur- 
rent of cold air rushing in, and of heated air rushing out, which will 
produce such an undulation and tremulous motion, as will prevent any 
celestial object from being distinctly seen. 
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use whaterer when applied to the mocm, the 
planets and most objects in the heayens. Herachelj 
through the whole coarse of his writings, men- 
tions his only having used it totce, namely on 
the stars a Jjyrm, and y Leonis, which stars 
can be seen more distinctly and sharply defined 
with a power of 420. To produce a power of 
6450 on such a telescope, wcMild require a lens of 
only ^th of an inch in focal distance, and it is 
questioned by some whether Herschel had lenses 
of so small a size in his possessicMi, or whether it 
is possible to form them with accura^. 

Powen requuite for observing ike phemomena of 
the planets. — The planet Mercury requires a con- 
siderable magnifyi^ power, in order to pexceiTe 
its phases with distinctness. I have seldomiiewed 
this planet with a less power than 100 and 150, 
with which powers its half moon, its gibbons, and 
its crescent phase, may be distinctly perceived. 
With a power of 40, 50, or even 60 times, these 
phases can with difficulty be seen, especially as it is 
generally at a low altitude, when such observations 
are made. The phases of Venue are much more 
easily distinguished, especially the crescent phase, 
which is seen to the greatest advantage about a 
month before and after the inferior conjunction. 
With a power not exceeding 25 or 80 times, this 
phase, at such periods, may be easily perceived. It 
requires, however, much higher powers to perceive 
distinctly the variations of the gibbous phase ; and if 
this planet be not viewed at a considerably high 
altitude when in a half-moon or gibbous phase, 
the obscurity and undulations of the atmosphere 
near the horizon, prevent such phases from being 
accurately distinguished, even when high powers 
are applied. Although certain phenomena of the 
planets may be seen with such low powers as I 
have now stated, yet, in every instance, the 
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highest magnifying powers, consistent with dis« 
tinctnesSy should be preferred, as the eye is not 
then strained, and the object appears with a 
greater degree of magnitude and splendour. Tha 
planet Mars requires a considerable degree of 
magnifjring power, even when at its nearest dis- 
tance from the earth, in order to discern its spots 
and its gibbous phase. I have never obtained a 
satisfactory view of the spots which mark the 
surface, and their relative position^ with a less 
power than 130, 160, or 200 times; and even 
with such powers, persons not much accustomed 
to look through telescopes, find a difficulty in dis- 
tinguishing them. 

The strongest and most prominent belts of 
Jupiter^ may be seen with a power of about 45 ; 
which power may be put upon a 20-inch achro* 
matic, or a 1 foot reflector. But a satisfactory 
view of all the belts, and the relative positions 
they occupy, cannot be obtained with much lower 
powers than 80, 100, or 140. The most common 
positions of these belts are — one dark and well- 
defined belt to the south of Jupiter *s equator; 
another of nearly the same description to the 
north of it, and one about his north and his south 
polar circles. These polar belts are much more 
faint, and consequently not so easily distinguished 
as the equatorial belts. The moons of this planet, 
in a very clear night, may sometimes be seen with 
a pocket 1 foot achromatic glass, magnifying about 
15 or 16 times. Some people have pretended 
that they could see some of tnese satellites with 
their naked eye ; but this is very doubtful, and it 
is probable that such persons mistook certain 
fixed stars which happened to be near Jupiter for 
his satellites. But, in order to have a clear and 
interesting view of these, powers of at least 80 or 
100 times should be used. In order to perceive 
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traced along the whole of the half-circumference 
of the ring which is presented to our eye. Mr. 
Hadley's engraving of Saturn, in the * Philosophi- 
cal Transactions ' for 1723, though taken vrith a 
Newtonian reflector with a power of 228, repre* 
sents the division of the ring as seen only on the 
ansae or extremities of the elliptic figure in which 
the ring appears. The best period for observing 
this division is when the ring appears at its utmost 
width. In this position it was seen in 1840, and 
it will appear nearly in the same position in 1855. 
When the ring appears like a very narrow ellipse^ 
a short time previous to its disappearance, the 
division, or dark space between the rings, cannot 
be seen by ordinary instruments. 

Sir W. Herschel very properly observes, ' There 
is not perhaps another object in the heavens that 
presents us with such a variety of extraordinary 
phenomena as the planet Saturn; a magnificent 
globe, encompassed by a stupendous double ring ; 
attended by seven satellites ; ornamented with 
equatorial belts ; compressed at the poles ; turning 
upon its axis; mutually eclipsing its ring and 
satellites, and eclipsed by them ; the most distant 
of the rings also turning upon its axis, and the 
same taking place with the farthest of the satel- 
lites ; all the parts of the system of Saturn occa- 
sionally reflecting light on each other ; the rings 
and moons illuminating the nights of the Satumian, 
the globe and satellites enlightening the dark parts 
of the ring; and the planet and rings throwing 
back the sun's beams upon the moons, when they 
are deprived of them at the time of their conjunc- 
tions.' This illustrious astronomer states, that 
with a new 7 feet mirror of extraordinary distinct- 
ness he examined this planet, and found that the 
ring reflects more light than the body, and with 
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a power of 570 the colour of the body becomes 
yellowish^ while that of the ring remains more 
white. On March 11» 1780, he tried the powers 
of 222, 882, and 440 successively, and found the 
light of Saturn less intense than that of the ring ; 
the colour of the body turning, with the high 
powers, to a kind of yellow white, while that of the 
ring still remained white. 

Most of the satellites of Saturn are difficult to 
be perceived with ordinary telescopes, excepting 
the 4th, which may be seen with powers of from 
60 to 100 times. It was discovered by Huygens 
in 1655, by means of a common refracting teles* 
cope IS feet long, which might magnify about 70 
times. The next in brightness to this is the 5th 
satellite, which Cassini discovered in 1671, by 
means of a 17 feet refractor, which might carry a 

Eower of above 80 times. The 3rd was discovered 
y the same astronomer in 1672, by a longer 
telescope ; and the 1st and @nd, in 1684, by 
means of two excellent object-glasses of 100 and 
1S6 feet, which might have magnified from 200 to 
230 times. They were afterwards seen by two 
other glasses of 70 and 90 feet^ made by Campani, 
and sent from Rome to the Royal Observatory at 
Paris, by the King's order, after the discovery of 
the 3rd and 5th satellites. It is asserted, how- 
ever, that all those 5 satellites were afterwards 
seen with a telescope of 84 feet, with an aperture 
of 8f^ inches, which would magnify about 120 ' 
times. These satellites, on the whole, except the 
4th and 6th, are not easily detected. Dr. Derham, 
who frequently viewed Saturn through Huygens' 
glass of 126 feet focal length, declares, in the 
preface to his ' Astro*Theology,' that he could 
never perceive above 3 of the satellites. Sir W. 
Herschel observes, that the visibiliQr of these 
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minute and extremely faint objects, depends more 
on the penetrating than upon the magnifying 
power of our telescopes ; and that with a 10 feet 
Newtonian, charged with a magnifying power of 
only 60, he saw all the 6 old satellites ; but the 
6th and 7th, which were discovered and were 
easily seen with his 40-feet telescope, and were 
also visible in his 20-feet instrument, were not 
discernible in the 7 or the 10-feet telescopes, 
though all that magnifying power can do may be 
done as well with the 7-feet as with any larger in- 
strument. Speaking of the 7th satellite, he says, 
' Even in my 40-feet reflector it appears no bigger 
than a very small lucid point. I see it, however, 
very well in the 20-feet reflector ; to which the 
exquisite figure of the speculum not a little con- 
tributes.' A late observer asserts, that in 1825, 
with a 12-feet achromatic, of 7 inches aperture, 
made by Tulley, with a power of 150, the 7 
satellites were easily visible, but not so easily 
with a power of 200 ; and that the planet appeared 
as bright as brilliantly burnished silver, and the 
division in the ring and a belt were very plainly 
distinguished, with a power of 200. 

The planet Uranus, being generally invisible to 
the naked eye, is seldom an object of attention 
to common observers. A considerable magnifying 
power is requisite to make it appear in a plane- 
tary form with a well-defined disk. The best 
periods for detecting it are, when it is near its 
opposition to the sun, or when it happens to 
approximate to any of the other planets, or to a 
well-known fixed star. When none of these cir- 
cumstances occur, its position requires to be 
pointed out by an Equatorial Telescope. On the 
morning of the 25th January, 1841, this planet 
happened to be in conjunction with Yenus^ at 



which time it was only 4 minutea north of that 
planet. Several days before this conjuoctioni I 
made observations on Uranua. On the evening of 
the S4th, about 8 hours before the conjunction, 
the two planets appeared in the same field of the 
telescope, the one exceedingly splendid, and the 
other more obscure, but distinct and well-defined. 
Uranus could not be perceived, either with the 
naked eye, or with an opera glass ; but could be 
distinguished as a very small star by means of a 
pocket achromatic telescope magnifying about 14 
times. It is questionable whether, under the 
most favourable circumstances, this planet can 
ever be dialinguished by the naked eye, With 
magnifying powers of 30 and 70, it appeared as 
a moderately large star with a steady light, but 
without any sensible disk. With powers of 120, 
180, and 350, it presented a round and pretty 
well-defined disk, but not so luminous and dis- 
tinct as it would have done in a higher altitude. 

The Double Stan require a great variety of 
powers, in order to distinguish the small stars that 
accompany the larger. Some of them are dis- 
tinguished with moderate powers, while others re- 
quire pretty large instruments, furnished with high 
magnifying eye-pieces. X shall therefore select 
only a few as a specimen. The star Cattor, or 
a Geminorum, may be easily seen to be double 
with powers of from 70 to 100. I have sometimes 
seen these stars, which are nearly equal in size 
and colour, with a terrestrial power of 44 on a 
44-inch achromatic. The appearance of this star 
with such powers is somewhat similar to that 
of n Coronse in a 7 feet achromatic, of 5 inches 
aperture, with a power of 500. y Andromedie 
mar be seen with a moderate power. In a 30- 
inch achromatic of S inches aperture, and a power 
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of 8O9 it appears like f Bootis, when seen in a 5- 
feet achromatic, with a power of 460. This star 
is said to be visible even in a 1-foot achromatic 
with a power of 35. € Lyra^ which is a quin- 
tuple star, but appears to the naked eye as a single 
star, — may be seen to be double with a power of 
from 6 to 12 times, y Leonis is visible in a 44- 
inch achromatic, with a power of 180 or 200. 
Jtigel in a S^-feet achromatic, may be seen with 
powers varying from 130 to SOO. The small star, 
however, which accompanies Rigel, is sometimes 
difficult to be perceived, even with such powers, 
c Bootis is seldom distinctly defined with an achro- 
mat c of less aperture than 8^ inches, or a re- 
flector of less than 5 inches, with a power of at 
least 250. 

These and similar stars are not to be expected 
to be seen equally well at all times, even when 
the magnifying and illuminating powers are pro- 
perly proportioned ; as much depends upon the 
state of the weather, and the pureness of the' 
atmosphere. In order to perceive the closest of 
the double stars, Sir W. Herschel recommends, 
that the power of the telescope should be adjusted 
upon a star known to be single, of nearly the 
same altitude, magnitude, and colour with the 
double star, which is to be observed, or upon one 
star above and another below it. Thus, the late 
Mr. Aubert, the astronomer, could not see the two 
stars of 7 Leonis, when the focus was adjusted 
upon that star itself; but he soon observed the 
small star, after he had adjusted the focus upon 
Regulus. An exact adjustment of the focus of 
the instrument is indispensably requisite, in order 
to perceive such minute objects. 

In viewing the NebuUe, and the very small and 
immensely, distant fixed star^, which require much 
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light to render them visible, a large aperture of 
the object-glass or speculuniy which admits of a 
great quantity of light, is of more importance 
than high magnifying powers. It is light chiefly, 
accompanied with a moderate magnifying power, 
that enables us to penetrate into the distant regions 
of space. Sir W. Herschel, when sweeping the 
profundities of the Milky way, and the Hand and 
Club of Orion, used a telescope of the Newtonian 
form, SO-feet focal length, and 18,^ inches diameter, 
with a power of only 167. On applying this 
telescope and power to a part of the Via Lactea, 
he found that it completely resolved the whole 
whitish appearance into stars, which his former 
telescopes had not light enough to effect; and 
which smaller instruments with much higher mag- 
nifying powers would not have effected. He tells 
us, that with this power, ' the glorious multitude 
of stars,* in the vicinity of Orion, ' of all possible 
sizes, that presented themselves to view, was truly 
astonishing, and that he had fields which contained 
70, 90 and 110 stars, so that a belt of 15 degrees 
long, and 2 degrees broad, which passed through 
the field of the telescope in an hour, could not 
contain less than fifty thousand stars that were 
large enough to be distinctly numbered.' In 
viewing the Milky way, the Xt^ebulae, and small 
clusters of stars, such as Prasepe in Cancer, I 
generally use a power of 65 times, on an achro- 
matic telescope 6 feet 6 inches in focal length, and 
4 inches diameter. The eye-piece, which produces 
this power — which I formed for the purpose — 
consists of two convex lenses, the one next the 
eye 8 inches focal length, and Ij^ inch diameter, 
and that next the object 8i inches focus, and IfJ 
inch diameter, the deepest convex sur&ces being 
next each other, and their distance i inch. With thu 
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eye-piece a very large and brilliai 
obtained ; and I find it preferal 
powers in viewing the nebulositie 
stars. In certain spaces of the I 
times presents in one field, nearly 
It likewise serves to exhibit a V( 
teresting view of the full moon. 

In observing Comets, a very sm 
generally be used, even on lai 
These bodies possess so small a q 
and they are so frequently envelo 
dense atmosphere^ that magnifyh 
times renders them more obscure 
the illuminating power of a large 
a small power, is in all cases to b< 
comet eye-piece should be constru 
large and uniformly distinct field, 
nify only firom 15 to 80 or 40 time 
of such an eye-tube should be ne 
in diameter. The late Rev. F. W 
mended for observing comets, < a t( 
achromatic object-glass of 16 incl ! 
and 2 inches aperture, with a Ran i 
magnifying about 25 times, moui 
firm equatorial stand, the field of 
2 degrees of a great circle.' 

In viewing the moon, various ] 
applied according to circumstan<i 
periods of the moon for inspectin i 
ties on its surface, are either whe : 
crescent or a half- moon phase, oi' 
days after the period of half-moon, 
after full-moon, and particularly al: 
quarter, when this orb is waning, 
shadows of its mountains and vales 
a different direction from what the; 
the increase,— -the most prominent i 
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views may be obtuned. The most convenient 
season for obtaining such views is during the 
autamnal months, when the moon, about the 
third quarter, sometimes rises as early as 8 o'clock 
P.M., and may be viewed at a considerably high 
altitude by ten or eleven. When in the positions 
now alluded to, and at a high altitude, very high 
magnifying powers may sometimea be applied with 
good effect, especially if the atmosphere be clear 
and serene. I have Bometimes applied a power, 
in such cases, of 350 times, on a 46-inch achro- 
matic, with considerable distinctness ; but it is 
only two or three times in a year, and when the 
atmosphere is remarkably favourable, that such a 
power can be used. The autumnal evenings are 
generally best fitted for such observations. The 
full moon is an object which is never seen to 
advantage vrith high powers, as no shadows ot 
inequalities on its surface can then be perceived. 
It forms, however, a very beautiful object, when 
magnifying powers not higher than 40, 50, or 
60 times are used. A power of 45 times, if pro- 
perly constructed, will snow the whole of the moon 
with s margin around it, when the darker and 
brighter parts of its surface vrill present a varie- 
gated aspect, and appear somewhat like a map to 
the eye of the observer. 

4. Mode of exhibiting the Solar tpott. 
The solar spots may be contemplated with 
advantage by magnifying powers varying from 60 
to 180 times ; about 90 times is a good medium 
power, though they may sometimes be distin- 
guished with very low powers, such as those 
usually adapted to a one-foot telescope, or even 
by means of a common opera-glass. The common 
astronomical eye-pieces given along with achro- 
matic telescopes, and the sun-glasses connected 
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But, the most pleasant mode of viewing tlie 
solar spota — especially when we wish to exhibit 
them to others — is to throw the image of the aan 
upon a white screen, placed in a room which ts 
considerahly darkened. It is difficult, however, 
when the sun is at a high altitude, to put this 
method into practice, on account of the great 
ohliquity with which his rays then fall, which 
prevents a screen from being placed at any con- 
siderable distance from the eye-end of the tele- 
scope. The following plan, therefore, is that 
which I uniformly adopt as being both the easiest 
and the most satisfactory. A telescope is placed 
in a convenient position, so as to be directed to 
the sun. This telescope is furnished with a dia* 
ffonal eyepiece, such as that represented, fig 77, 
(p. 344.) The window-shutters of the apart- 
ment are all closed, excepting a space sufficient 
to admit the solar rays ; and, when the telescope 
is properly adjusted, a beautiful image of the 
sun, with all the spots which then happen to diver- 
sify his surface, is thrown upon the ceilinff of the 
room. This image may be from 12 to 20, or 30 
inches or more in diameter, according to the dis- 
tance of the ceiling from the diagonal eye-piece. 
The greater this distance is, the larger the image. 
If the sun is at a very high altitude, the image 
will be elliptical ; if he be at no great distance 
from the horizon, the image will appear circular 
or oeerly so ; but in either case the spots will be 
distinctly depicted, provided the focus of the tele- 
scope be accurately adjusted. In this exhibition, 
the apparent motion of the sun, produced by the 
rotation of the earth, and the passage of thin 
fleeces of clouds across the solar disk, exhibit a 
very pleasing appearance. 

By thia mode of viewing the soUr spota we may 
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easily ascertain their diameter and magnitude, at 
least to a near approximation. We have only to 
take a scale of inchesi and measure the diameter 
of any well-defined and remarkable spot, and then 
the diameter of the solar image ; and, comparing 
the one with the other, we can ascertain the 
number of miles either lineal or square, compre« 
bended in the dimensions of the spot. For 
example, suppose a spot to measure one half-inch 
in diameter, and the whole image of the sun 25 
inches, the proportion between the diameter of 
the spot and that of the sun will be as 1 to 50, in 
other words, the one fftieth part of the sun's 
diameter. Now^ this diameter being 880,000 
miles, this number, divided by 60, produces a 
quotient of 17,600=the number of miles which 
its diameter measures. Such a spot will therefore 
contain an area of 243,285,504, or more than two 
hundred and forty-three millions of square miles, 
which is 46 millions of miles more than the 
whole superficies of the terraquous globe. Again, 
suppose the diameter of a spot measures £ inch, 
and the solar image 23 inches, the proportion of 
the diameter of the spot to that of the sun is as 3 to 
230=the number of tenths in 23 inches. The 
number of miles in the spot's diameter will there- 
fore be found by the following proportion : 230 : 
880,000: : 3: 11,478; that is^ the diameter of 
such a spot measures eleven thousand four hundred 
and seventy-eight miles. Spots of such sizes are 
not unfrequendy seen to traisit the solar disk. 

By this mode of viewing the image of the sun, 
his spots may be exhibited to twenty or thirty 
individuals at once without the least straining or 
injury to the eyes ; and as no separate screen is 
requisite, and as the ceilings of rooms are generally 
whjLtej the experiment may be performed in half 
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a minute without anj previous preparation, except 
screwing on and adjusting the eje-piece. The 
manner of exhibiting the solar spots, in this way, 
is represented ii 




6. On the tpace-penetratirtff power of teletcopet 
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prove that such a distinction ought to be made, 
especially in the case of large instruments. For 
example, the small star, or speck of lights which 
accompanies the pole-star, may be seen through a 
telescope of large aperture, with a smaller magni- 
fying power than with a telescope of a small aper- 
ture furnished with a much higher power. If the 
magnifying power is sufficient to show the small 
star completely separated from the rays which 
surround the large one, this is sufficient in one 
point of view ; but in order that this effect may 
be produced, so as to render the small star per* 
fectly distinguishable, a certain quantity of light 
must be admitted into the pupil of the eye — 
which quantity depends upon the area of the 
object-glass or speculum of the instrument, or, in 
other words, on the illuminating power. If we 
compare a telescope of 2f inches aperture with 
one of 5 inches aperture, when the magnifying 
power of each does not exceed 50 times for terres- 
trial objects, the effect of illuminating power is 
not so evident ; but if we use a power of 100 for 
day objects, and 180 for the heavenly bodies, the 
effects of illuminating power is so clearly percep- 
tible, that objects not only appear brighter, and 
more clearly visible, in the larger telescope, but 
vrith the same magnifying power, they also appear 
larger, particularly when the satellites of Jupiter 
and small stars are the objects we are viewing. 

Sir W. Herschel remarks, that ' objects are 
viewed in their greatest perfection, when, in pene- 
trating space, the magnifying power is so low as 
only to be sufficient to show the object well— and 
when, in magnifying objects, by way of examining 
them minutely, the space-penetrating power is no 
higher than what will suffice for the purpose ; for in 
the use of either power, the injudicious overcharge 
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of the other will prove hurtful to vision.* When 
illuminating power is in too high a degree, the 
eye is offended by the extreme brightness of the 
object. When it is in too low a degree, the eye 
is distressed by its endeavours to see what is 
beyond its reach ; and therefore it is desirable, 
when we wish to give the eye all the assistance 
possible, to have the illuminating and the magni- 
fying powers in due proportion. What this pro- 
portion is, depends, in a certain degree, upon the 
brightness of the object. In proportion to its 
brightness or luminosity, the magnifying power 
may, to a certain extent, be increased. Sir W. 
Herschel remarks, in reference to a, Lyrae, * This 
star, I surmise, has light enough to bear being 
magnified, at least a hundred thousand times, with 
no more than six inches of aperture.' However 
beautifully perfect any telescopes may appear, and 
however sharp their defining power, their perform- 
ance is limited by their illuminating powers— 
which are as the squares of the diameters of the 
apertures of the respective instruments. Thus, a 
telescope whose object-glass is 4 inches diameter 
will have four times the quantity of light, or illu- 
minating power, possessed by a telescope whose 
aperture is only S inches, or in the proportion of 
16 to 4, — the square of 4 being 16, and the square 
of 2 being 4. 

The nature of the space-penetrating power ^ to 
which we are adverting, and the distinction between 
it, and magnifying power, may be illustrated firom a 
few examples taken from Sir W. Herschel's ob- 
servations. 

The first observation which I shall notice refers 
to the nebula between iy and ^ Ophiuchi, discovered 
by Messier in 1764. The observation was made 
with a 10 feet reflector, having a magnifying 
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power of S50, and a space-penetrating power of 
28.67. His note is dated May 8, 1783. ' I see 
several stars in it, and make no doubt a higher 

?ower and more light will resolve it all into stars, 
'his seems to me a good nebula for the purpose 
of establishing the connection between nebulae and 
clusters of stars in general.' — * June 18, 1784. 
The same nebula viewed with a Newtonian 20 
feet reflector ; penetrating power 61, and a mag- 
nifying power of 157 ; a very large and a very 
bright cluster of excessively compressed stars. 
The stars are but just visible, and are of unequal 
magnitudes. The large stars are red, the cluster 
is a miniature of that near Flamstead's forty -second 
Comae Berenices; Right ascension 17*^ 6^ 82* 
Polar distance 108^18'^' In this case, a pene- 
trating power of about 28, with a magnifying 
power of 250, barely shewed a few stars ; when in 
the second instrument the illuminating power of 
60 with the magnifying power of only 157 showed 
them completely. 

Subsequently to the date of the latter observa- 
tion, the 20 feet Newtonian telescope was con- 
verted into an Herschelian instrument, by taking 
away the small speculum, and giving the large one 
the proper inclination for obtaining the front view ; 
by which alteration the illuminating power was 
increased from 61 to 76, and the advantage derived 
from the alteration was evident in the discovery of 
the satellites of Uranus by the altered telescope, 
which before was incompetent in the point of 
penetration, or illuminating power. ' March 14, 
1798, 1 viewed the Georgian planet (or Uranus) 
with a new 25 feet reflector. Its penetrating 
power is 95.85, and having just before also viewed 
it with my 20 feet instrument, I found that with 
an equal magnifying power of 800, the 25 feet 

S2 
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telescope had considerably the advantage of the 
former/ The aperture of the 20 feet instrument 
was 18.8 inches, and that of the 25 feet telescope, 
24 inches, so that the superior effect of the latter 
instrument must have been owing to its greater 
illuminating power. The following observations 
show the superior power of the 40 feet telescope 
as compared with the 20 feet.—' Feb. 24, 1786, I 
viewed the nebula near Flamstea^'s fifth Serpentis, 
with my 20 feet reflector, magnifying power 157* 
The most beautiful extremely compressed cluster 
of small stars ; the greatest part of them gathered 
together into one brilliant nucleus, evidently 
consisting of stars, surrounded with many detached 
gathering stars of the same size and colour. R.A» 
15h 7m i2«. P.D-87<^ 8^'— *May27, 1791, I 
viewed the same object with my 40 feet telescope, 
penetrating power 191.69, magnifying power 370. 
A beautiful cluster of stars. I counted about 200 
of them. The middle of it is so compressed, that 
it is impossible to distinguish the stars.'— -' Nov. 
5, 1791, I viewed Saturn with the 20 and 40 feet 
telescopes. Twenty feet. The fifth satellite of 
Saturn is verv small. The first, second, third, 
fourth and fifth, and the new sixth satellites are in 
their calculated places. Forty feet. I see the 
new sixth satellite much better with this instru- 
ment than with the 20 feet. The fifth is also 
much larger here than in the 20 feet, in which it 
was nearly the same size as a small fixed star, but 
here it is considerably larger than that star.' 

These examples, and many others of a similar 
kind, explain sufiSciently the nature and extent of 
that species of power that one telescope possesses 
over another, in consequence of its enlarged 
aperture ; but the exact quantity of this power is 
in some d^;ree uncertain. To ascertain practically 
^he illuminating power of. telescopes, we must try 
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them with equal powers on such objects as the 
following, — the small stars near the pole-star^ and 
near Rigel and c Bootis — the division in the ring 
of Saturn — and distant objects in the twilight or 
towards the evening. These objects are distinctly 
seen with a 5 feet achromatic of 8,| inches aper- 
ture, and an illuminating power of 144*, while they 
are scarcely visible in a 8i feet with an aperture 
of 2f inches, and an illuminating power of 72, 
supposing the same magnifying power to be applied. 
The illuminating power of a telescope is best 
estimated, in regard to land objects, when it is 
tried on minute objects, and such as are badly 
lighted up ; and the advantage of a telescope with 
a large aperture will be most obvious, when it is 
compared with another of inferior size in the close 
of the evening, when looking at a printed bill 
composed of letters of various sizes. As darkness 
comes on, the use of illuminating power becomes 
more evident. In a 5 feet telescope some small 
letters will be legible, which are hardly discernible 
in the 3i feet, and in the 2i feet are quite unde- 
finable, though the magnifying powers be equal. 
Sir W. Herschel informs us, that in the year 1776, 
when he had erected a telescope of 20 feet focal 
length of the Newtonian construction, one of its 
effects by trial was, that when towards evening, on 
account of darkness, the natural eye could not 
penetrate far into space, the telescope possessed 
that power sufficiently to show, by the dial of a 
distant church steeple, what o'clock it was« not- 
withstanding the naked eye could no longer see 
the steeple itself. 

In order to convey an idea of the numbers by 
which the degree of space-penetrating power is 
expressed, and the general grounds on which they 
rest, the following statements may be made. The 
depth to which the naked eye can penetrate into the 
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spaces of the heavens, is considered as extending 
to the twelfth order of distances — in other words, 
it can perceive a star at a distance 12 times farther 
than those luminaries, such as Sirius, Arcturus or 
Capella, which, from their vivid light, we presume 
to be nearest to us. It has been stated above, that 
Herschel calculated his 10 feet telescope to have 
a space-penetrating power of 28.67, that is, it 
could enable us to descry a star 28 times farther 
distant than the naked eye can reach. His 20 
feet Newtonian was considered as having a similar 
power of 61 ; his 25 feet, nearly 96, and his 40 
feet instrument, a power of 191.69. If each of 
these numbers be multiplied by 12, the product 
will indicate how much farther these telescopes 
will penetrate into space than the nearest range of 
the fixed stars, such as those of the first magni- 
tude. For instance, the penetrating power of the 
40 feet reflector being 191-69, this number multi- 
plied by IS, gives a product of 2,800, which 
shows, that were there a series of two thousand 
three hundred stars extended in a line beyond 
Sinus, Capella and similar stars— each star sepa- 
rated from the one beyond it, by a space equal to 
the distance of Sirius from the earth — they might 
be all seen through the 40 feet telescope. In 
short, the penetrating power of telescopes is a 
circumstance which requires to be particularly 
attended to in our observations of celestial pheno- 
mena, and in many cases, is of more importance 
than magnifying power. It is the effect produced 
by illuminating power that renders telescopes, 
furnished with comparatively small magnifying 
powers, much more eflScient in observing comets 
and certain nebulas and clusters of stars, than when 
high powers are attempted. Every telescope may 
be so adjusted, as to produce different space-pene* 
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trating powers. If we wish to diminish such a 
power, we have only to contract the object-glass 
or speculum, by placing circular rims, or apertures 
of different degrees of breadth, across the mouth 
of the great tube of the instrument. But we can- 
not increase this illuminating power beyond a 
certain extent, which is limited by the diameter 
of the object-glass. When we wish illuminating 
power beyond this limit, we must be furnished 
with an object-glass or speculum of a larger size ; 
and hence, the rapid advance in price of instru- 
ments which have large apertures, and conse- 
quently high illuminating powers. Mr. TuUey's 
3^ feet achromatics of 2} inches aperture, sell at 
£26 5s. When the aperture is Si inches, the 
price is £42. When 3f inches, £68 5s. The 
following table contains a statement of the ' com- 
parative lengths, apertures, illuminating powers, 
and prices, of Achromatic Refractors, and Grego- 
rian Reflectors/ according to Dr. Kitchener. 



ACBROUATIC RBFRACTOR0. 



Length 
and name 
they are 
called by. 




Feet. 
2 



7 
7 



In.Th 

1. 6 
2 

2. 7 

3. 8 

5 
6 




250 
860 



ORBOORIAN &C. RSPLBCTOR& 



Length and 
name they 

are 
known by. 




Feet. 
1 

8 

4 

7 Newtonian 

5 Gregorian 

10 Newtonian 



In.Th. 
2. 5 
8 

4. 5 

5. 5 
7 

7 

9 

10 



62 
90 
202 
302 
490 
490 
810 
1000 



Price. 



£ s. 

7 7 
12 12 
20 
50 

105 

126 

200 

315 



The illuminating powers stated in the above 
table are only comparative. Fixing on the num- 
ber 25 as the illuminating power of a 2 feet tele* 
scope, 1^ inch aperture, that of a 2i feet 2 inches 



392 THE PRACTICAL ASTRONOMER. 

inches aperture, will be 40, of a 6 feet 8|j inch 
aperture, 144, &c. If the illuminating power of 
a Gregorian 11 foot, and 8 inches aperture, be 
90, a 5 feet, with 9 inches aperture, will be 810, 

&c. 

6. On choosing Telescopes, and osceHaintng 

their properties. 

It is an object of considerable importance, to 
every astronomical observer, that he should be 
enabled to form a judgment of the qualities of his 
telescope, and of any instruments of this descrip- 
tion which he may intend to purchase. The 
following directions may perhaps be useful to the 
reader in directing him in the choice of an achro- 
matic refracting telescope. ^ ^ 

Supposing that an achromatic telescope of 8s 
feet focal length, and ^\ inches a^rture were 
offered for sale, and that it were required to ascer- 
tain whether the object-glass, on which its excel- 
lence chiefly depends — is a good one and duly 
adjusted ; — some opinion may be formed by laying 
the tube of the telescope in a horizontal position, 
on a firm support, about the height of the eye, — 
and by placing a printed card or a watch glass 
vertically, but in an inverted position, against some 
wall or pillar, at 40 or 50 yards distant, so as to 
be exposed to a clear sky. When the telescope 
is directed to this object, and accurately adjusted 
to the eye — should the letters on the card, or the 
strokes and dots on the watch-glass appear clearly 
and sharply defined, without any mistiness or 
coloration, and if very small points appear well 
defined — great hopes may be entertained that the 
glass will turn out a good one* But a telescope 
may appear a good one, when viewing common 
tt'rre^trial objects, to eves unaccustomed to dis- 
criminatf^ deviations firom perfect vision, while it 
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may turn out to be an indifferent one, when 
directed to certain celestial objects. Instead there- 
fore of a printed card, fix a black board, or one 
half of a sheet of black paper, in a vertical posi- 
tion at the same distance^ and a circular disk of 
white writing paper, about i of an inch in diame- 
ter, on the centre of the black ground. Then 
having directed the telescope to this object, and 
adjusted for the place of distinct vision, mark with 
a black-lead pencil the sliding eye-tube, at the 
end of the main tube, so that this position can 
always be known ; and if this slidmg tube be 
gradually drawn out, or pushed in, while the eye 
beholds the disk, it will gradually enlarge and lose 
its colour, till its edges cease to be well-defined. 
Now, if the enlarged misty circle is observed to 
be concentric with the disk itself, the object-glass 
is properly centered, as it has reference to the 
tube ; but if the misty circle goes to one side of 
the disk, the cell of the object-glass is not at right 
angles to the tube, and must have its screws re- 
moved and its holes elongated, by a rattailed file, 
small enough to enter the holes. When this has 
been done, the cell may be replaced, and the disk 
examined a second time, and a slight stroke on 
one edge of the cell, by a wooden mallet, wilt 
show by the alteration made in the position of the 
misty portion of the disk, how the adjustment is 
to be effected, which is known to be right when a 
motion in the sliding tube will make the diluted 
disk enlarge in a circle concentric with the disk 
itself. When the disk will enlarge so as to make 
a ring of diluted white light round its circumfe- 
rence, as the sliding tube holding the eye-piece is 
pushed in or drawn out, the cell may be finally 
fixed by the screws passing through its elongated 
holes. 

s 5 
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When the object-glass is thus adjusted, it may 
then be ascertained whether the curves of the 
respective lenses composing the object-glass are 
well-formed and suitable for each other. If a 
small motion of the sliding tube of about ^th of an 
inch in a 3i feet telescope, from the point of dis- 
tinct vision, will dilute the light of the disk and 
render the appearance confused, the figure of the 
obiect-glass is good ; particularly if the same effect 
will take place at equal distances from the point of 
distinct vision, when the tube is alternately drawn 
out and pushed in. A telescope that will admit 
of much motion in the sliding tube without sen- 
sibly affecting the distinctness of vision, will not 
define an object well at any point of adjustment, 
and must be considered as having an imperfect 
object-glass, inasmuch as the spherical aberration 
of the transmitted ravs is not duly corrected. The 
due adjustment of the convex lens, or lenses, to 
the concave one, will be judged of by the absence 
of coloration round the enlarged disk, and is a 
property distinct from the spherical aberration; 
the achromatism depending on the relative focal 
distances of the convex and concave lenses, is 
regulated by the relative dispersive powers of the 
pieces of glass made use of; but the distinctness 
of vision depends on a good figure of the com* 
puted curves that limit the focal distances. When 
an object-glass is free from imperfection in both 
these respects, it may be called a good glass for 
terrestrial purposes. 

It still, however, remains to be determined how 
far such an object-glass may be good for viewing 
a star or a planet, and can only be known by 
actual observations on the heavenly bodies. When 
a good telescope is directed to the moon or to 
Jupiter, the achromatism may be judged of, by 
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alternately pushing in, and drawing out the eye- 
piece, from the place of distinct vision. In the 
former case, a ring of purple will be formed round 
the edge ; and in the latter, a ring of light green, 
which is the central colour of the prismatic spec* 
trum ; for these appearances show, that the ex* 
treme colours red and violet are corrected. 
Again, if one part of a lens employed have a 
different refractive power from another part of it, 
that is, if the flint*glass particularly is not homo- 
geneous, a star of the first and even of the second 
magnitude will point out the natural defect by 
the exhibition of an irradiation, or what is called 
a wing^ at one side, which no perfection of figure 
or of adjustment will banish, and the greater the 
aperture the more liable is the evil to happen. 
Hence caps with different apertures are usually 
supplied with large telescopes, that the extreme 
parts of the glass may be cut off, in observations 
requiring a round and well-defined image of the 
body observed. 

Another method of determining the figure and 
quality of an object-glass is by first covering its 
centre by a circular piece of paper, as much as 
one half of its diameter, and adjusting it for dis- 
tinct vision of a given object, such as the disk 
above mentioned, when the central rays are inter- 
cepted — and then trying if the focal lentrth remains 
uiiltered when the 'paper is taken awly. and an 
aperture of the same size applied, so that the 
extreme rays may in their turn be cut off. If the 
vision remains equally distinct in both cases, with- 
out any new adjustment for focal distance, the 
figure is good, and the spherical aberration cured, 
and it may be seen by viewing a star of the first 
magnitude successively in both cases, whether the 
irradiation is produced more by the extreme or 
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by the central parts of the glass. Or, in case the 
one half be faulty and the other good, a semicircular 
aperture, by being turned ^dually round in 
trial, will detect what semicircle contains the 
defective portion of the glass ; and if such portion 
should be covered, the only inconvenience that 
would ensue, would be the loss of so much light 
as is thus excluded. When an object-glass pro- 
duces radiations in a large star, it is unfit for the 
nicer observations of astronomy, such as viewing 
double stars of the first class. The smaller a 
large star appears in any telescope, the better is 
the figure of the object-glass, but if the image of 
the star be free from wings, the size of its disk is 
not an objection in practical observations.^ 

Some opticians are in the habit of inserting a 
diaphragm into the body of the large tube, to cut 
oflT the extreme rays coming from the object-glass 
when the figure is not good, instead of lessening 
the aperture by a cap. When this is the case, a 
deficiency of light will be the consequence beyond 
whatthe apparent aperture warrants. It is there- 
fore proper to examme that the diaphragm be not 
placed too near the object-glass, so as to intercept 
any of the useful rays. Sometimes a portion of the 
object-glass is cut ofi* by the stop in the eye-tube. 
To ascertain this, adjust the telescope to distinct 
vision, then take out the eye-glasses, and put 
your finger on some other object on the edge of 
the outside of the object-glass, and look down 
the tube ; if you can see the tip of your finger, or 
any object in its place, just peeping over the edge 
of the object-glass, no part is cut ofif. I once had 
a Si feet telescope whose object-glass measured 3 

* The aboye diiections and remarki are abridged with some altera- 
tions from Dr. Peanon*s ** Introdactiou to Practical Astronomr/*— 
Vol. II. 
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inches diameter, which was neither so bright, nor 
did it perforin in other respects nearly so well as 
another of the same length whose object-glass was 
only 2f inches diameter; but I found that a 
diaphragm was placed about a foot within the 
end of the large tube, which reduced the aperture 
of the object-glass to less than 2i inches; and 
when it was removed the telescope was less dis- 
tinct than before. The powers given along with 
this instrument were much lower than usual — 
none of them exceeding 100 times. This is a 
trick not uncommon with some opticians. 

Dr. Pearson mentions that an old DoUond's 
telescope of 63 inches focal length, and 8} inches 
aperture, supposed to be an excellent one, was 
brought to Mr. TuUey, when he was present, and 
the result of the examination was that its achro- 
matism was not perfect. The imperfection was 
thus determined by experiment. A small glass 
globe was placed at 40 yards distance from the 
object-end of the telescope when the sun was 
shining, and the speck of light seen reflected from 
this globe formed a good substitute for a large 
star, as an object to be viewed. When the focal 
length of the object-glass was adjusted to this 
luminous object, no judgment could be formed of 
its prismatic aberrations, till the eye-piece had 
been pushed in beyond the place of correct vision ; 
but when the telescope was shortened a little, the 
luminous disk occasioned by such shortening was 
strongly tinged with red rays at its circumference. 
On the contrary, when the eye-piece was drawn out, 
so as to lengthen the telescope too much, the disk 
thus produced was tinged with a small circle of 
red at its centre, thereby denoting that the con- 
vex lens had too short a focal length ; and Mr. 
Tulley observed, that if one or both of the curves 
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of the convex lens were flattened till the total 
focal length should be about 4 inches increased, 
it would render the telescope quite achromatic, 
provided in doing this the aberration should not 
be increased. 

The following general remarks may be added< 
1 . To make anything like an accurate comparison 
of telescopes, they must be tried not only at the 
same place, but as nearly as possible at the same 
time, and, if the instruments are of the same 
length and construction, if possible, with the 
same eye-piece. 2. A difference of 8 or 10 times 
in the magnifying power, will sometimes, on 
certain objects, give quite a different character to 
a telescope. It has been found by various ex- 

1>eriments that object-glasses of two or three inches 
onger focus will produce different vision with the 
same eye-piece. 3. Care must be taken to ascer- 
tain that tne eye-glasses are perfectly clean and 
free from defects. The defects of glass are either 
from veins— specks— scratches— colour, or an in- 
correct figure. To discover veins in an eye or an 
object-glass, place a candle at the distance of 4 
or 6 jards; then look through the glass, and 
move It from your eye till it appear full of light — 
you will then see every vein, or other imperfec- 
tion in it which may distort the objects and render 
vision imperfect. Specks or scratches, especially 
in object-glasses, are not so injurious as veins, for 
they do not distort the object, but only intercept 
a portion of the light. 4. We cannot judge 
accurately of the excellence of any telescope by 
observing objects with which we are not fanuliarly 
acquainted. Opticians generally try an instru- 
ment at their own marks, such as the dial-plate of 
a watch, a finely engraved card, a weather-cock, 
or the moon and the planet Jupiter, when near 
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the meridian* Of several telescopes of the same 
lengthy aperture and magnifying power, that one 
is generally considered the best with which we 
can read a given print at the greatest distance^ 
especially if the print consists of ^ure#, such as 
a table of logarithms, where the eye is not apt to 
be deceived by the imagination, in guessing at the 
sense of a passage, when two or three words are 
distinguished. 

There is a circumstance which I have frequently 
noticed, in reference to achromatic telescopes, 
particularly those of a small size, and whica I 
have never seen noticed by any optical writer. It 
is this, — if the telescope, when we are viewing 
objects, be gradually turned round its axis, there 
is a certain position in which the objects will 
appear distinct and accurately defined ; and if it 
be turned round exactly a semicircle from this 
point, the same degree of distinctness is perceived ; 
but in all other positions, there is an evident want 
of clearness and defining power. This I find to 
be the case in more than ten 1 foot and 2 feet 
telescopes now in my possession ; and therefore I 
have put marks upon the object-end of each of 
them, to indicate the positions in which they 
should be used for distinct observation. — This is a 
circumstance which requires, in many cases, to be 
attended to in the choice and the use of teles- 
copical instruments, and in fixing and adjusting 
them on their pedestals. In some telescopes this 
defect is very striking, but it is in some measure 
perceptible in the great majority of instruments 
which I have had occasion to inspect. Even in 
large and expensive achromatic telescopes this 
defect is sometimes observable. I have an achro- 
matic whose object-glass is 4^ inches diameter, 
which was much improved in its defining power, 
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by being unscrewed from its original position, or 
turned round its axis — about one-eighth part of 
its circumference. This defect is best detected by 
looking at a large printed biil| or a sign-post at a 
distance, when, on turning round the telescope 
or object-glass, the letters will appear much better 
defined in one position than in another. The 
position in which the object appears least distinct 
IS when the upper part of the telescope is a 
quadrant of a circle different from the two posi- 
tions above-stated, or at an equal distance from 
each of them. 

7. On the mode of determining the magnifying 
power of Telescopes. 

In regard to refracting telescopes, we have 
already shown that, when a single eye-glass is 
used, the magnifying power may be found by 
dividing the focal distance of the object-glass by 
that of the eye-glass. But when a Huygenian 
eye-piece, or a four-glass terrestrial eye-piece such 
as is now common in achromatic telescopes, is 
used, the magnifying power cannot be ascertained 
in this manner ; and in some of the delicate 
observations of practical astronomy, it is of the 
utmost importance to know the exact magnifying 
power of the instrument with which the observa- 
tions are made, particularly when' micrometrical 
measurements are employed to obtain the desired 
results. — The following is a general method of 
finding the magnifying powers of telescopes when 
the instrument called a dynameter is not employed ; 
and it answers for refracting and reflecting teles- 
copes of every description. 

Having put up a small circle of paper, an inch 
or two in diameter, at the distance of about 100 
yards, draw upon a card 2 black parallel lines, 
whose distance firom each other is equal to the 
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diameter of the paper circle. Then view through 
the telescope the paper circle with one eye, and 
the parallel lines with the other; and let the 
parallel lines be moved nearer to or further from, 
the eye, till they seem exactly to cover the small 
circle viewed through the telescope. The quotient 
obtained by dividing the distance of the paper 
circle by the distance of the parallel lines from the 
eyej will be the magnifying power of the telescope. 
It requires a little practice before this experiment 
can be performed with accuracy. The one eye 
must be accustomed to look at an object near at 
handj while the other is looking at a more distant 
object through the telescope. Both eyes must be 
open at the same time, and the image of the 
object seen through the telescope must be brought 
into apparent contact with the real object near at 
hand. But a little practice will soon enable any 
observer to perform the experiment with ease and 
correctness, if the telescope be mounted on a firm 
stand, and its elevation or depression produced by 
rackwork. 

The following is another method, founded on 
the same principle : — Measure the space occupied 
by a number of the courses, or rows of bricks in 
a modem building — which, upon an average, is 
found to have 8 courses in 2 feet, so that each 
course or row, is 3 inches. Then cut a piece of 
paper 3 inches in height, and of the length of a 
bnck — which is about 9 inches — so that it may 
represent a brick, and fixing the paper against 
the brick wall, place the telescope to be examined 
at the distance of about 80 or 100 yards from it. 
Now, looking through the telescope at the paper 
with one eye, and at the same time, with the other 
eye, looking past the telescope,observe what extent 
of wall the magnified image of the paper appears to 
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cover, then count the courses of bricks in that*extent, 
and it will give the magnifying power of the telescope* 
It is to be observed, however, that the magnifying 
power determined in this way, will be a fraction 
greater than for very distant objects, as the focal 
distance of the telescope is necessarily lengthened 
in order to obtain distinct vision of near objects. 

In comparing the magnifying powers of two 
telescopes, or of the same telescope, when different 
magnifying powers are employed, I generally use 
the following simple method. The telescopes are 
placed at 8 or 10 feet distant from a window, with 
their eye-ends parallel to each other, or at the 
same distance from the window. Looking at a 
distant object, I fix upon a portion of it whose 
magnified image will appear to fill exactly two or 
three panes of the window. Then putting on a 
different power, or looking through another tele- 
scope, I observe the same object^ and mark exactly 
the extent of its image on the window-panes, and 
compare the extent of the one image with the 
other. Suppose for example, that the one tele- 
scope has been previously found to magnify 90 
times, and that the image of the object fixed upon 
exactlv fills three panes of the window, and that 
with the other power or the other telescope, the 
image fills exactly two panes, then the magnifying 
power is equal to two thirds of the former, or 60 
times ; and were it to fill only one pane, the 
power would be about 80 times. A more correct 
method is to place at one side of the window, a 
narrow board, two or three feet long, divided into 
16 or 20 equal parts, and observe how many of 
these parts appear to be covered by the respective 
images, of the different telescopes. Suppose, in 
the one^case, 10 divisions to be covered by the 
imagCj in a telescope magnifying 90 times, and 
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that the image of the same object in anothei^ 
telescope^ measures 6 divisionsy then its power is 
found by the following proportion, 10 : 90 : 6 : 64 : 
that is, this telescope magnifies 64 times. 

Another mode which I have used for determin- 
ingy to a near approximation, the powers of tele- 
scopes, is as follows : — Endeavour to find the focus 
of a single lens which is exactly equivalent to the 
magnifying power of the eye-piece, whether the 
Huygenian or the common terrestrial eye-piece. 
This may be done by taking a small lens, and 
using it as an object-glass to the eye-piece. Look- 
ing through the eye-piece to a window and holding 
the lens at a proper distance, observe whether the 
image of one of the panes exactly coincides with 
the pane, as seen by the naked eye ; if it does, 
then the magnifying power of the eye-piece is 
equal to that of the lens. If the lens be i inch 
focal length, the eye-piece will produce the same 
magnifying power, as a single lens when used as 
an eye-giass to the telescope, and the magnifying 
power will then be found by dividing the focal 
distance of the object-glass by that of the eye- 
glass. But if the image of the pane of glass does 
not exactly coincide with the pane as seen by the 
other eye, then proportional parts may be taken 
by observing the divisions of such a board as des- 
cribed above, or we may try lenses of difierent 
focal distances. Suppose, for example, that a 
lens 2 inches focal length had been used, and that 
the image of a pane covered exactly the space of 
two panes, the power of the eye-piece is then 
equal to that of a single lens 1 inch focal distance. 

The following is another mode depending on the 
same general principle. If a slip of writings 
paper one inch long, or a disk of the same material 
of one inch diameter, be placed on a black ground 
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at from 30 to 50 yards distance from the object* 
end of the telescope, and a staff painted white, 
and divided into inches and parts by strong black 
lines, be placed vertically near the said paper or 
disk ; the eye that is directed through the telescope 
when adjusted for vision, will see the magnified 
disk, and the other eye, looking along the outside 
of the telescope, will observe the number of inches 
and parts that the disk projected on it will just 
cover, and as many inches as are thus covered will 
indicate the magnifying power of the telescope — 
at the distance for which it is adjusted for distinct 
vision. The solar power, or powers for very dis« 
tant objects, may be obtained by the following 
proportion : — As the terrestrial focal length, at the 
given distance : is to the solar focal length : : so 
is the terrestrial power, to the solar power. For 
example, a disk of white paper one inch in dia-* 
meter, was placed on a black board, and suspended 
on a wall contiguous to a vertical black staff that 
was graduated into inches by strong white lines, at 
a distance of 83 yards Si feet, and when the ad- 
justment for vision was made with a 4S inch tele* 
scope, the left eye of the observer viewed the 
disk projected on the staff, while the right eye 
observed that the enlarged image of the disk 
covered just 58^ inches on the staff, which number 
was the measure of the magnifjring power, at the 
distance answering to 33 yards 2i feet — which in 
this case exceeded the solar focus by an inch and a 
half. Then according to the above analogy, we 
have, as 43.5 : 42 : : 58.5 : 66.5 nearly. Hence 
the magnifying power due to the solar focal length 
of the telescope in question is 66.5, and the dis- 
tance 33 yards 2jt feet, is that which corresponds 
to an elongation of the solar focal distance an 



MAGNIFYING POWER OF TELESCOPES. 405 

inch and a half.* If we multiply the terrestrial 
and the solar focal distances together, and divide 
the product by their difference, we shall again 
obtain the distance of the terrestrial object from 
the telescope. Thus, *^ =1218 inches= 

101.5 feet, or 88 yards Si feet. 

The magnifying power of a telescope is also 
determined, by measuring the image which the 
object-glass or the large speculum of a telescope 
forms at its solar focus. This is accomplished by 
means of an instrument called a Dynameter. 
This apparatus consists of a strip of mother-of 
pearl, marked with equal divisions, from the ^th 
to the flKftth of an inch apart, according to the 
accuracy required. This measure is attached to a 
magnifying lens in its focus, in order to make the 
small divisions more apparent. When the power 
of a telescope is required, the person must measure 
the clear aperture of the object-glass, then holding 
the pearl dynameter next the eye-glass, let him 
observe how many divisions the small circle of 
light occupies, when the instrument is directed to 
a bright object. Then by dividing the diameter 
of the object-glass by the diameter of this circle 
of light, the power will be obtained.f The most 
accurate instrument of this kind is the Double 
Image Dynameter invented by Ramsden, and 
another on the same principle now made by 
DoUond, a particular description of which may be 
found in Dr. Pearson's * Introduction to Practical 
Astronomy.' The advantage attending these dy- 
nameters is that they do not require any know- 
ledge of the thickness and focal lengths of any of the 
lenses employed in a telescope, nor yet of their 

♦ Pennont* " Practical Astronomy."— VoL II. 
t The mother-of-pearl dynameter may oe pnrchated for abont 
twelve thillingi. See fig. 57, a, 6, c, p. 260. 
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number or relative positions ; neither does it make 
any difference whether the construction be refrac- 
ting or reflecting, direct or inverting. One opera- 
tion includes the result arising from the most com- 
plicated construction. 

I shall onlj mention farther the following 
method of discovering the magnifying power, 
which is founded on the same general principle as 
alluded to above. Let the telescope be placed in 
such a position opposite the sun, that the rays of 
light may fall perpendicularly on the object-glass ; 
and the pencil of rays may be received on a piece 
of paper, and its diameter measured. Then, as 
the diameter of the pencil of rays is to that of the 
object-glass, so is the magnifying power of the 
telescope. 

8. — On cleaning the lenses of telescopes,'^ 
It is necessary, in order to distinct vision, that 
'the glasses, particularly the eye-glasses of tele* 
scopes be kept perfectly clean, free of damp, dust, 
or whatever may impede the transmission of the 
rays of light. But great caution ought to be 
exercised in the wiping of them, as they are apt 
to be scratched, or otherwise injured by a rough 
and incautious mode of cleaning them. They 
should never be attempted to be wiped unless 
they really require it; and, in this case, they 
should be wiped carefully and gently with a piece 
of new and soft lamb's-skin leather. If this be 
not at hand, a piece of fine silk paper, or fine 
clean linen may be used as a substitute. The 
lens which requires to be most particularly at- 
tended to is the second glass from the eye, or the 
field-glass ; for if any dust or other impediment be 
found upon this glass, it is always distinctly seen, 
being magnified by the glass next the eye. The 
next glass which requires attention is the fourth 
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from the eye, or that which is next the object. 
Unless the glass next the eye be very dusty, a few 
small spots or grains of dust are seldom percepti- 
ble. The object-glass of an achromatic should 
seldom be touched, unless damp adheres to it. 
Care should be taken never to use pocket hand- 
kerchiefs or dirty rags for wiping lenses. From 
the frequent use of such articles, the glasses of 
seaman's telescopes get dimmed and scratched in 
in the course of a few years. If the glasses be 
exceedingly dirty, and if greasy substances are 
attached to them, they may be soaked in spirits 
and water, and afterwards carefully wiped. In 
replacing the glasses in their socket, care should 
be taken not to touch the surfaces with the fingers, 
as they would be dimmed with the perspiratiou ; 
they should be taken hold of by the edges only, 
and carefully screwed into the same cells from 
which they were taken. 



It appears to have been almost overlooked by 
opticians and others, that telescopes may be con- 
structed so as to exhibit a beautiful and minute 
view of very near objects, and to produce even a 
microscopic effect, without the least alteration in 
the arrangement of the lenses of which they are 
composed. This object is efiected simply by mak- 
ing the eye-tube of a telescope of such a length 
as to be capable of being drawn out 12 or 13 
inches beyond the point of distinct vision for dis- 
tant objects. The telescope is then rendered 
capable of exhibiting with distinctness all kinds of 
objects, from the most distant to those which are 
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placed within 3 or 4 feet of the instrament — or 
not nearer than double the focal distance of the 
object-glass. Our telescopes, however, are seldom 
or never fitted with tubes that slide farther than 
an inch or two beyond the point of distinct vision 
for distant objects, although a tube of a longer 
size than usual, or an additional tube would cost 
but a very trifling expence. 

The following, among many others, are some of 
the objects on which I have tried many amusing 
experiments with telescopes fitted up with the 
long tubes to which I allude. The telescope to 
which I shall more particularly advert is an achro- 
matic, mounted on a pedestal, having an object- 
glass about 19 inches focal length, and 1 f inch 
diameter, with magnifying powers for distant 
objects of 13 and 20 times. When this instru- 
ment is directed to a miniature portrait, 3i inches 
in length, placed in a good light, at the distance 
of about 8 or 10 feet, it appears as large as an 
oil-painting four or five feet long, and represents 
the individual as large as life. The features of 
the face appear to stand out in bold relief: and 
perhaps there is no representation of the human 
figure that more resembles the living prototype, 
than in this exhibition, provided the miniature is 
finely executed. In this case the tube requires to 
be pulled out four or five inches from the point of 
distinct vision for distant objects, and consequently 
the magnifying power is proportionally increased. 
Another class of objects to which such a telescope 
may be applied is Perspective prints, either of 
public buildings, streets or landscapes. When 
viewed in this way they present a panoramic ap- 
pearance, and seem nearly as natural as life — just 
in the same manner as they appear in the Optical 
Diagonal Machine, or when reflected in a large 
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viewed in any other way ; and in such views a 
large portion of the object is at once exhibited to 
the eye. In this case, the eye-piece of such a 
telescope as that alluded to requires to be drawn 
out 12 or 14 inches beyond the point of distinct 
vision for objects at a distance — and the distance 
between these near objects and the object-end of 
the telescope, is only about Si feet. 

A telescope having a diagonal eye-piece pre- 
sents a very pleasant view of near objects in this 
manner. With an instrument of this kind, I 
have frequently viewed the larger kind of small 
objects alluded to above* such as the leaves of 
shrubs and trees, flowers consisting of a variety 
of parts, the fibres of a peacock's feather and 
similar objects. In this case the object-glass of 
the instrument, which is 1(H inches focal length, 
was brought within 22 inches of the object, and 
the eve looked down upon it, in the same manner, 
as when we view objects in a compound micros- 
cope. A common pocket achromatic telescope 
may be used for the purposes now stated, provided 
the tube in the eye-piece containing the two lenses 
next the object, be taken out, in which case the 
two glasses next the eye form an astronomical 
eye-piece, and the tubes may be drawn out 5 or 6 
inches beyond the focal point for distant objects, 
and will produce distinct vision for objects not 
farther distant than about 20 or 24 inches. But, 
in this case, the objects to be viewed must be 
inverted, in order that they may be seen in their 
natural positions when viewed through the instru- 
ment. Telescopes of a large size and high mag- 
nifying powers may likewise be used with advan- 
tage for viewing very near objects in gardens 
adjacent to the room in which the instruments 
are placed, provided the sliding-tube next the eye 
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has a range of two or three inches beyond 
point of vision for distant objects. In this c 
a magnifying power of 100 times on a 8i or 
feet achromatic produces a very pleasant eff 
In making the observations to which I have i 
alluded, it is requisite in order to distinct visi 
and to obtain a pleasing view of the objects, t 
the instrument should be placed on a pedes 
and capable of a motion in every direction. 1 
adjustment for distinct vision may be made eit 
by the sliding-tube, or by removing the telescc 
nearer to or farther from the object. 



REFLECTIONS ON LIOHT ANII VISION — AND 
THE NATURE AND UTILITY OF TELESCOPES, 

Light is one of the most wonderful and ben< 
cial^ and at the same time one of the most mysi 
rious agents in the material creation. Thou 
the sun from which it flows to this part of c 
system is nearly a hundred millions of miles fr( 
our globe, yet we perceive it as evidently, a 
feel its influence as powerfully, as if it emanat 
from no higher a region than the clouds, 
supplies life and comfort to our physical systei 
and without its influence and operations on t 
various objects around us, we could scarce 
subsist and participate of enjoyment for a sing 
hour. It is diffused around us on every hand fro 
its fountain the sun ; and even the stars, thoug 
at a distance hundreds of thousands of tim 
greater than that of the solar orb, transmit to oi 
distant region a portion of this element. It giv( 
beauty and fertility to the earth, it supports tl 
vegetable and animal tribes, and is connected wit 
the various motions which are going forwar 

t2 
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throughout the system of the universe. It unfolds 
to us the whole scenery of external nature — the 
lofty mountains and the expansive plains, the 
majestic rivers and the mighty ocean ; the trees, 
the flowers, the crystal streams, and the vast 
canopy of the sky adorned with ten thousands of 
shining orbs. In short there is scarcely an object 
within the range of our contemplation, but what 
is exhibited to our understanding through the 
medium of light, or at least bears a certain relation 
to this enlivening and universal agent. When we 
consider the extreme minuteness of the rays of 
light, their inconceivable velocity, the invariable 
laws by which they act upon all bodies, the multi- 
farious phenomena produced by their inflections, 
refractions and reflections, while their original pro- 
perties remain the same; the endless variety of 
colours they produce on every part of our terres- 
trial creation, and the facility with which millions 
of rays pass through the smallest apertures, and 
pervade substances of great density, while every 
ray passes forward in the crowd without disturbing 
another, and produces its own specific impression 
—we cannot but regard this element as the most 
wonderful, astonishing and delightful part of the 
material creation. When we consider the admira- 
ble beauties and the exquisite pleasures of which 
light is the essential source, and how much its 
nature is still involved in mysterv, notwithstanding 
the profound investigations of modem philoso- 
phers, we may well exclaim with the Poet : — 

*' How then shall I attempt to Bing of Hm 
Who, light himself, in luicreated light 
loTeBteddeep, dwells awfully retired 
From mortal eye or angePs purer ken ; 
Whose single smile has, from the first of time. 
Filled, orerflowing, all yon lampa of heayen, 
That beam for eyer through the Doundless sky.*^— Thombon. 
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army, the order of a batde, the figure of a mag- 
nificent palace, or all the variety of a landscape. 
If a man were by feeling to find out the figure of 
the Peak of Tenerifiei or even of St. Peter's 
church at Rome, it would be the work of a life^ 
time. It would appear still more incredible to 
such beings as we have supposed, if they were 
informed of the discoveries which may be made 
by this little organ in things far beyond the reach 
of any other sense — that, by means of it we can 
find our way in the pathless ocean — chat we can 
traverse the globe of the earth, determine its 
figure and dimensions, and delineate every region 
of it — yea, that we can measure the planetary orbs, 
and make discoveries in the sphere of the fixed 
stars. And, if they were farther informed that, 
by means of this same organ, we can perceive the 
tempers and dispositions, the passions and affec- 
tions of our fellow-creatures, even when they 
want most to conceal them — that when the tongue 
is taught most artfully to lie and dissemble, the 
hypocrisy should appear in the countenance to a 
discerning eye — and that by this organ we can 
often perceive what is straight and what is crooked 
in the mind as well as in the body — would it not 
appear still more astonishing to beings 8uc)i as we 
have now supposed ?* 

Notwithstanding these wonderful properties of 
the organ of vision, the eye, when unassisted by 
art, is comparatively limited in the range of its 
powers. It cannot ascertain the existence of cer- 
tain objects at the distance of three or four miles, 
nor perceive what is going forward in nature or 
art beyond such a limit. By its natural powers 
we perceive the moon to be a globe about half a 

* Reid^ Enqnicy into th« Hinum Mind, chaik. iv. 
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priori — that the refraction of light in glass— -the 
same power hy which a straight rod appears 
crooked in water, by which vision is variously dis- 
torted, and by which we are liable to innumerable 
deceptions — that that same power, or law of 
nature, by the operation of which the objects in 
a landscape appear distorted when seen through 
certain panes of glass in our windows, that that 
power should ever be so modified and directed as 

" I to extend the boundaries of vision, and enable us 

h^ clearly to distinguish scenes and objects at a dis- 

^'■^ tance a thousand times beyond the natural limits 
of our visual organs ? Yet such are the discove- 
ries which science has achieved, such the powers 
it has brought to light, that by glasses ground into 
different forms, and properly adapted to each 
other, we are enabled as it were to contract the 
boundaries of space, to penetrate into the most 
distant regions, and to bring within the reach of 
our knowledge the most sublime objects in the 
universe. 

When Pliny declared in reference to Hippar- 
chus, the ancient astronomer, ^ Ausus rem Deo 
improbam annumerare posteris stellcu/ — that 'he 
dared to enumerate the stars for posterity, an 
undertaking forbidden by God,' what would that 
natural historian have said, had it been foretold 
that in less than 1600 years afterwards, a man 
would arise who should enable posterity to per- 
ceive, and to enumerate ten times more new stars 
than Hipparchus ever beheld — ^who should point out 
higher mountains on the moon than on the earth, who 
should discover dark spots, as large as our globe, in 
the sun, the fountain of light — who should descry 
four moons revolving in different periods of time 
around the planet Jupiter, and could show to 
surrounding senators the varying phases of Venus? 
and that another would soon after arise who should 
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point out a double ring of six hundred thousand 
miles in circumference, revolving around the planet 
Saturn, and ten hundreds of thousands of stars 
which neither Hipparchus nor any of the ancient 
astronomers could ever descry ? Yet these are 
onlv a small portion of the discoveries made by 
Galileo and Herschel, by means of the telescope. 
Had any one prophetically informed Archimedes, 
the celebrated geometrician of Syracuse, that 
vision would, in after ages, be thus wonderfully 
assisted by art — and further, that one manner of 
improving vision would be to place a dark opake 
body directly between the object and the eye — 
and that another method would be, not to look 
at the object, but to keep the eye quite in a dif- 
ferent, and even in an opposite direction, or to 
stand with the back directly opposed to it, and to 
behold all the parts of it, invisible to the naked 
eye, most distinctly in this way — he would, doubt- 
less have considered the prophet as an enthusiastic 
fool or a raving madman. Yet these things have 
been realized in modem times in the fullest ex- 
tent. In the Gregorian reflecting telescope an 
opake body, namely the small speculum near the 
end of the tube, interposes directly between the 
eye and the object. In the Newtonian Reflector, 
and in the diagonal eye-pieces formerly described, 
the eye is directed in a line at right angles to the 
object, or a deviation of 90 degrees from the direct 
line of vision. In Herchel's large telescopes, and 
in the Aerial Reflector formerly described (in pp. 
811 — 325) the back is turned to the object, and the 
eye in an opposite direction. 

These circumstances should teach us humility 
and a becoming difiBdence in our own powers; 
and they should admonish us not to be too dogma- 
tical or peremptory in affirming what is possible 

T5 
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such a distant position ; jret the telescope, in a 
few momenta, transports our visual powers to that 
far distant point of space. 'When we view, with 
such an instrument, Uie minute and ver; distant 
clusters of stars in the Milky Way, we are 
carried in effect through the regions of space to 
the distance of ^e hundred thotttand milUotu of 
milet from the earth ; for we behold those lumina- 
ries through the telescope nearly as if they were 
actually viewed from such a distant point in the 
spaces of the finnament. These stars cannot he 
conceived as less than a hunt^ed billioju of miles 
from our globe, and the instrument wfi have sup- 
posed brings them within the two hundredth part 
of this distance. Suppose we were carried for- 
ward by a rapid motion towards this point, at the 
rate of a thousand miles every hour, it would 
require more ^h&ajijiy-teven thaiuand years, be- 
fore we could reach that very distant station in 
space to which the telescope, in effect, transports 
us. So that this instrument is far more efficient 
in opening to our view the scenes of the universe 
than if we were invested with powers of locomo* 
tion to carry us through the regions of space, 
with the rapidity of a cannon ball at its utmost 
velocity ; and all the while we may sit at ease in 
our terrestrial apartments. 

In the next place, the telescope has been the 
the meant of enlarging our views of the sublime 
scenes of creation, more than any other instru- 
ment which art has contrived. Before the inven- 
tion of this instrument the universe was generally 
conceived as circumscribed within very narrow 
limits. The eattb was considered as among the 
largest bodies in creation ; the planets were 
viewed as bodies of a far less size than what they 
are now found to be ; no bodies similar to our 
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pie Btan — suds revolTing around suiu, and STsteini 
around systems, and haa enabled us to determine 
some of the periods of their revolutions. It has 
demonstrated the immense distances of the starry 
orbs from our globe, and their consequent magni- 
tudes; since it shows us that, having brought 
them nearer to our view by several hundreds or 
thousands of times, they still appear only as so 
many shining pointt. It has enabled us to per- 
ceive that mighty changes are going forward 
throughout the regions of immensity — new stars 
appearing, and others removed from our view, and 
motions of incomprehensible velocity carrying foi^ 
ward those magnificent orbs through the spaces 
of the firmament. In short, it has opened a vista 
to re^ons of space so immeasurably distant, that 
a cannon ball impelled with its greatest velocity, 
would not reach tracts of creation so remote in 
two thousand millions of years, and even light itself, 
the swiftest body in nature, would require more 
than a thousand years before it could traverse this 
mighty interval. It has thus laid a foundation for 
our acquiring an approximate idea of the in- 
finity of space, and for obtaining a glimpse of the 
far distant scenes of creation, and the immense 
extent of the universe. 

Again, the telescope, in consequence of the 
discoveries it has enabled us to make, has tended 
to amplify our conceptiotu of the attribute* and 
the Empire of the Deity. The amplitude of our 
conceptions of the Divine Being bears a certain 
proportion to the expansion of our views in 
regard to his works of creation, and the opera- 
tions he is incessantly carrying forward throughout 
the universe. If our views of the works of God, 
and of the manifesutions he has given of himself 
to his intelligent creatures, be circumscribed to a 
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Here, then, ire are presented with ft scene which 
gives ua a display of Omnipotent Poaer which 
no other objects can. unfold, and which, without the 
aid of the telescope, we should never have beheld 
— a scene which expands our conceptions of the 
Divine Being, to an extent which the men of 
former generations could never have anticipated— 
a scene which enables us to form an approximate 
idea of Him who is the " King Eternal, Immortal, 
and Invisible," who " created all worlds, and for 
whose pleasure the; are, and were created." Here 
we behold the operations of a Being whose power 
is illimitable and uncontrollable, and which far 
transcends the comprehension of the highest 
created intelligences — a power, displayed not only 
in the vast extension of material existence, and 
the couQtleas number of mighty globes which the 
universe contains — but in the astonishingly rapid 
motion! with which myriads of them are carried 
along through the immeasurable spaces of crea- 
tion,-— some of those magnificent orbs moving 
with a velocity of one hundred and seventy thou- 
sand miles an hour. Here, likewise, we have a 
display of the infinite Wiadom and Intelligence of 
the Divine Mind, in the harmony and order with 
which all the mighty movements of the universe 
are conducted — in proportionating the magnitudes, 
motions and distances of the planetary worlds — 
in the nice adjustment of the projectile velocity to 
the attractive power — in the constant proportion 
between the times of the periodical revolution of 
the planets and the cubes of their mean distances 
— in the dittancet oi the several planets from the 
central body of the system, compared with their 
respective denaitiei —anA in the constancy and 
regularity of their motions, and the exactness 
with which they accomplish their destined rounds 
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arra»geme«t of the affiun of auch an unlimited 
empire ! and what a lofty and ezpanBive idea doea 
it convey of Him who sits on the throne of Uni- 
versal Nature, and whose greatness is unsearchable ! 
But without the aids of the teletcopic tube, we 
could not hare formed such ample conceptions 
of the greatness, either of the Eternal Creator 
himself, or of the universe which he hath brought 
into existence. 

Besides the above, the following uses of the 
telescope, in relation to science and common Hfe, 
may be shortly noticed : — 

In the business of astronomy, scarcely any 
thing can be done with accuracy without the assi^ 
tance of the telescope. 1. It enables the aatro> 
nomer to determine with precision the tratuiU of 
the platteU and start, across the meridian ; and 
on the accuracy with which these transits are ob- 
tained, a variety of important conclusions and 
calculations depend. The computation of astro- 
nomical and nautical tables for aiding the naviga- 
tor in his voyages round the globe, and facilitating 
his calculations of latitude and longitude, is derived 
from observations made by the telescope, vrithout 
the use of which instrument, they cannot be made 
with precision. S. The apparent diameten of the 
planett can only be measured by means of this 
instrument, fUmished with a micrometer. By the 
naked eye no accurate measurements of the dia- 
meters of these bodies can be taken ; and without 
Icnowing their apparent diameters, in nunutas or 
seconds, their real bulk cannot be determined, 
even although their exact distances be known. 
The differences, too, between their polar and equa- 
torial diameters cannot be ascertained without 
observations made by poweHiil telescopes. For 
example, the equatorial diameter of Jupiter 
is found to be in proportion to the polar as 14 
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the pole-star, may be most accurately taken ; 
and, from such observations, the latitude of 
the place may be readily and accurately deduced. 

A^ain, in the Surveying of land, the telescope 
is particularly useful ; and for this purpose it is 
mounted on a stand with a horizontal and vertical 
motion, pointing out by divisions the degrees and 
minutes of inclination of the instrument. For 
the more accurate reading of these divisions, the 
two limbs are furnished with a Nonius, or Ver- 
nier't scale. The object here is to take the 
angular distances between distant objects on a 
plane truly horizontal ; or else the angular eleva- 
tion or depression of objects above or below the 
plane of the horizon. In order to obtain either 
of those kinds of angles to a requisite d^ree of 
exactness, it is necessary that the surveyor should 
have as clear and distinct a view as possible of the 
objects, or station-staves, which he fixes up for his 
purpose, that he may with the greater certainty de- 
termine the point of the object which exactly cor- 
responds with the line he is taking. Now, as 
such objects are generally at too great a dbtance 
for the surveyor to be able to distinguish with the 
naked eye, he takes the assistance of the telescope, 
by which he obtcuns, 1. A distinct view of the 
object to which his attention is directed, and 2. 
he is enabled to determine the precise point of the 
object aimed at, by means of the cross nairs in the 
focus of the eye-glass. A telescope mounted for 
this purpose is called a Theodolite, which is deriv- 
ed from two Greek words Sh/uu to tee, and ttn, 
the way or diitanee. 

In the next place, the telescope is an instru- 
ment of special importance, in the conducting of 
Telegrapht, and in the conveyance of n^naM of 
all aescriptions. Without its assistance telegra- 
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pbic dispatches could not be conveyed with 
racy to any considerable distance, nor in quae i 
the time in which they are now communi* 
and the different stations would need to be ex < 
ingly numerous. But by the assistance ol I 
telescope information may be communicated, 
series of telegraphs, with great rapidity. Tw 
seven telegraphs convey information from Pa 
Calais — a distance of 160 miles —in 3 min ! 
twenty-two from Paris to Lisle in 2 min 
forty-six from Strasburg to Paris in 4t| min i 
and eighty from Paris to Brest in 10 minutes I 
many other cases which occur both on land 
on sea, the telescope is essentially requisite i 
descrying signals. The BelURock Light H i 
for example, is situated \2 miles from Arbr 
and from every other portion of land, so tha I 
naked eye could not discern any signal y^ i 
the keepers of that light could have it in i 
power to make; but by means of a large I 
scope in the station-house in Arbroath, the h 
ing of a ball every morning at 9 a.m. — w i 
indicates that • All is well ' — may be distil ; 
recognised. 

Many other uses of this instrument, in I 
ordinary transactions of life, will readily occu] 
the reader; and therefore I shall only men i 
the following purpose to which it may be appl 
namely, — 

To measure the distance of an object from 
station. This depends upon the increase of 
focal distance of the telescope in the case of r 
objects. Look through a telescope at the obj 
whose distance is req.uired, and adjust the fo 
till it appear quite distinct; then slide in 
drawer, till the object begins to be obscure, i 
mark that place of the tube precisely. N< 
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drair out the tube till the object begiua to be 
again obscured, and then make another mark as 
before. Then take the middle point between 
these two marks, and that will be the point where 
the image of the object is formed most distinctly ; 
which is to be nicely measured from tbe object 
lens, and compared with the solar focus of the 
lens or telescope, so as to ascertain their difference. 
And the rule for finding the distance is, — ' As 
tbe difference between tbe focal distance of the 
object) and the solar focal distance : Is to the solar 
focal distance : : So ia the focal distance of tbe oh- 
ject : To its true distance from the object lens.' 
An example will render this matter more perspi- 

CQOUS, 
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Let AB (fig. 84.) be the object lens, EY the 
eye-glass, FC the radios, or focus of the lens AB, 
and C/ the focal distance of the object OB, whose 
distance is to be measured. Now suppose CF ^ 
48 inches, or 4 feet, and that we find by the 
above method that C/is 60 inches, then F/ is S 
inches ; and the analogy is : — As ¥f ^H, is to 
CF = 48, 80 is C/ = 50, to CQ — 1200 inches, 
or 100 feet. Again, suppose C/ = 49 inches, 
then will F/ = I inch ; and the proportion is, I 

1 : 48 : : 49 : 2352 = QC, or 196 feet. A teles- / 

cope of this focal length, however, will measure I 

only small distances. But, suppose AB a lens 
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CHAPTER VII. 

ON THE METHOD OF GRINDING AND POLISHING 
OPTICAL LENSES AND SPECULA. 

I ORIGINALLY intended to enter into particular 
details on this subject, for the purpose of gratify- 
ing those mechanics and others who wish to amuse 
themselves by constructing telescopes and other 
optical instruments for their own use ; but, having 
dwelt so long on the subject of telescopes, in the 
preceding pages, I am constrained to confine my- 
self to a very general sketch. 

1. To grind and polish lenses for eye-glasses^ 
microscopes f ^c. 

First provide an upright spindle, at the bottom 
of which a pulley is fixed, which must be turned 
by a wheel by means of a cord and handle. At 
the top of the spindle make a screw the same as a 
lathe-spindle, on which you may screw chocks of 
difierent sizes, to which the brass tool in which 
the lens is to be ground, may be fixed. Having 
fixed upon the breadth and focal length of the 
lens, and whether it is to be a piano, or a double 
convex — take a piece of tin-plate or sheet copper, 
and, with a pair of compasses, draw an arch upon 
its surface, near one of its extremities, with a 
radius equal to the focal distance of the lens, if 
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intended to be double convex^ or with half that 
distance, if it is to be plano-convex. Remove 
with a file that part of the copper which is with- 
out the circular arch, and then a convex gage is 
formed. With the same radius strike another 
archy and having removed that part of the copper 
which is within it, a concave gage will be obtained. 
The brass tool, in which the glass is to be ground, 
is then to be fixed upon a turning-lathe, and 
turned into a portion of a concave sphere, so as 
to correspond to the convex gage. In order to 
obtain an accurate figure to the concave tool, a 
convex tool of exactly the same radius is generally 
formed, and they are ground one upon another 
with flour emery ; and when they exactly coin- 
cide, they are fit for use. The convex tool will 
serve for grinding concave glasses of the same 
radius — and it should be occasionally ground in 
the concave tool to prevent it from altering its 
figure. 

The next thing to be attended to is, to prepare 
the piece of glass which is to be ground, by chip- 
ping it in a circular shape, by means of a large 
pair of scissors, and removing the roughness from its 
edges by a common grind-stone. The faces of the 
glass near the edges should likewise be ground on 
the grind-stone^ till they nearly fit the concave gage, 
by which the labour of grinding in the tool will 
be considerably saved. The next thing required 
is to prepare the emery for grinding, which is 
done in the following manner. Provide four or 
five clean earthen vessels ; fill one of them with 
water, and put into it a pound or half a pound of 
fine emery, and stir it about with a stick ; after 
which let it stand S or 4 seconds, and then pour 
it into another vessel, which may stand about 10 
seconds ; then pour it off again into the several 

V 
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Tessels till the water is quite dear; and by this 
means, emery of difierent d^rees of fioeness u 
obtained, which must be kept separate from each 
other, and worked in their proper order, be- 
ginning at the first, and working off all the maiks 
of the grind-stone ; then take of the second, next 
of the third, &c^ — holding the glass upon the pan 
or tool with a light hand, when it comes to be 
nearly fit for polishing. The glass in this operation 
should be cemented to a wooden handle, by means 
of pitch or other strong cement. After the finest 
emery has been used, the roaghneas which remains 
may be taken away, and a slight polish given by 
grinding the glass with pounded pumice-stone. 
Before proceeding to the polishing, the glass 
should be ground as smooth as possible, and all 
the scratches erased, otherwise the polling will 
become a tedious process. The polishing is per- 
formed as follows : Tie a piece of linen rag or of 
fine cloth about the tool, and with fine putty, 
(calcined tin), or colcothar of ritriol (a Te^ fine 
powder, sometimea called the red oxide of iron) 
moistened with water, continue the grinding mo- 
tion, and in a short time there will be an excellent 
polish. 

In order to grind lenses very accurately for the 
finest optical purposes, particularly object-glasses 
for telescope»--the concave tool u firmly fixed to 
a table or bench, and the glass wrought upon it 
by the baud with circular strokes so that its centre 
may never go beyond the edges of the tool. For 
every 6 or 7 circular strokes, the glass should re- 
ceive 2 or 3 cross ones along the diameter of the 
tool, and in difierent directions ; and while the 
operation is going on, the convex tool should, at 
the end of five minutes, be wrought upon the 
concftve one for a few seconds, in order to pre- 
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serve the same curvature to the tools and to the 
glass. The finest polish is generally given in the 
following way. CTover the concave tool with a 
layer of pitch hardened by the addition of a little 
rosin, to the thickness of ^th of an inch. Then, 
having taken a piece of thin writing paper, press 
it upon the surface of the pitch with the convex 
tool, and pull the paper quickly from the pitch 
before it has adhered to it ; and if the surface of 
the pitch is marked every where with the lines of 
the paper, it will be truly spherical. If any 
paper remains on the surface of the pitch, it may 
be rubbed off by soap and water, and if the marks 
of the paper should not appear on any part of it, 
the operation must be repeated, till the polisher 
or bed of pitch is accurately spherical. The glass 
is then to be wrought on the polisher by circular 
and cross strokes with the putty or colcothar, till 
it has received a complete polish. When one side 
is finished, the glass must be separated from its 
handle, by inserting the point of a knife between 
it and the pitch, and giving it a gentle stroke. 
The pitch which remains upon the glass may be 
removed by rubbing it with a little oil or spirits 
of wine. The operation of polishing on cloth is 
slower, and the polish less perfect than on pitch ; 
but it is a mode best fitted for those who have 
little experience, and who would be apt, in the 
first instance, to injure the figure of the lens by 
polishing it on a bed of pitch. 

2. On the method of casting and grinding the 
Specula of Reflecting Telescopes. 

The first thing to be considered in the formation 
of reflecting telescopes, is the composition of the 
metal of which the specula are made. The qua- 
lities required are — a sound uniform metal, free 
from all microscopic pores — not liable to tarnish 

U2 
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by absorption of moisture &om tbe atmosphere 
— not so hard as to be incapable of taking a good 
figure and polish — nor bo soft as to be easily 
scratched, and possessing a high reflecting power. 
Various compositions have been used for this pur- 
pose, of which the following are specimens: — 
Take good Swedish copper S3 ounces, and when 
melted, add 14i ounces of grain tin to it ; then, 
having taken off the scoria, cast it into an ingot. 
This metal must be a second time melted to cast a 
speculum ; but it will fuse in this compound state 
with a small heat, and therefore will not calcine 
the tin to putty. It should be poured off as soon 
as it is melted, giving it no more heat than is abso- 
lutely necessary. The best method for giving the 
melted metal a good surface is this : the moment 
before it is poured off, throw into the crucible a 
spoonful of charcoal-dust ; immediately after which 
the metal must be stirred with a wooden spatula 
and poured into the moulds. — The following is 
another composition somewhat similar. Take 3 
parts copper as pure as it is possible to procure ; 
this must be melted in a crucible by itself. Then 
put, in another crucible, 1 part of pure grain tin. 
When they are both melted, mix and stir them 
with a wooden spatula, keeping a good flux on the 
melted surface to prevent oxidation, and then pour 
the metal quickly into the moulds, which may be 
made of founder s loam. 

The composition suggested, more than half a 
century ago, by the Rev. Mr. Edwards, has often 
been referred to with peculiar approbation. This 
gentleman took a great deal of pains to discover 
the best composition, and to give nis metals a fine 
polish and the true parabolical figure. His tele- 
acopes were tried by Dr. Maskelyne, the Astrono- 
mer Royal, who found them greatly to excel in 
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reflection is at one half the radius of concavity. 
In addition to the concave and convex tools — 
which should be only a little broader than the 
metal itself — a convex elliptical tool of lead and 
tin should be formed with tne same radius, so Uiat 
its transverse should be to its conjugate diameter 
as 10 to 9, the latter being exactly equal to the 
diameter of the metal. The grinding of the 
speculum is then to he commenced, on this tool, 
with coarse emery powder and water, when the 
roughness is taken off, by moving the speculum 
across the tool, in diSerent directions, walking 
round the post on which the tool is fixed, holding 
the speculum by the wooden handle to which it is 
cemented. It is then to be wrought with great 
care on the convex brass tool, with circular and 
cross strokes, and with emery of different degrees 
— the concave tool being sometimes ground upon 
the convex one, to keep them all of the same 
radius, and when every scratch is removed from 
its surface, it will be fit for receiving the final 
polish. 

When the metal is ready for polishing, the 
elliptical tool is to be covered with black pitch 
about^th of an inch thick,aod the polisher formed 
in the same way as in the case of lenses, either 
with the concave brass tool or with the metal 
itself. The colcothar of vitrol should then be 
triturated between two surfaces of glass, and a 
considerable quantity of it applied at first to the 
surface of the polisher. The speculum is thea to 
be wrought, in the usual way, upon the polishing 
tool, till it has received a brilliant lustre, taking 
care to use no more of the colcothar, if it can be 
avoided, and only a small quantity of it, if it 
should be found necessary. When the metal 
moves stiffly on the polisher, and the colcothar 
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i of its diameter. This paper ring should be 
fixed in the mouth of the telescope, and remain so 
during the whole experiment. There must like- 
wise be two other circular pieces of card-paper 
cut out, of such sizes, that one may cover the 
centre of the metal, by completely filling the hole 
in the annular piece now described : and the 
other such a round piece as shall exactly fill the 
tube, and so broad as that the inner edge just 
touches the outward circumference of the middle 
annular piece. All these pieces together will 
completely shut up the mouth of the telescope. 
Let the round piece which covers the centre of 
the metal be removed, and adjust the instrument 
so that the image mav be as sharp and distinct as 
possible. Then replace the central piece, and 
remove the outside annular one, by which means 
the circumference only of the speculum will be 
exposed ; and the image now formed will be from 
the rays reflected from the exterior side of the 
metal. If the two images formed by these two 
portions of the metal be perfectly sharp and 
equally distinct, the speculum is perfect and of 
the true parabolic curve. If, on the contrary, the 
image from the outside of the metal should not be 
distinct and that it should be necessary to bring 
the little speculum nearer by the screw, the metal 
is nut yet brought to the parabolic figure ; but if, 
in order to procure distinctness, we be obliged to 
move the small speculum farther ofi^ then the 
figure of the great speculum has been carried 
bevond the parabolic, and has assumed the hyper- 
bolic form. 

To adjust the eye^hole of Gregorian Reflectors. 
— If there is only one eye-glass, then the distance 
of the small hole should be as nearly as possible 
equal to its focal length. But in the compound 
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glanea of achromatic iiutrtunents. The fidlowing 
u reckoned * good method : — Let the lens to be 
centered be cemented on a brass chock, having 
the middle turned away so aa not to touch the 
lens, bat near the edge, which will be hid when 
monnted. This rim is Tery accurately turned flat 
where it is to touch the glass. When the chuck 
and cement is warm it ia made to revolve rapidly : 
while in motion a lighted caudle is brought before 
it, and its reflected image attentively watched. If 
this image has any motion, the lens is not flat or 
central ; a piece of soft wood most therefore be 
apphed to it in the manner of a turning tool, till 
such time as the light becomes stationary. When 
the whole has cooled, the edges of the lens must 
be turned by a diamond, or ground with emery. 

For more particular details in reference to grind- 
ing and polishing specula and lenses, the reader is 
referred to Smith's ' Complete system of Optics ' 
— Imison's ' School of Arts' — Huygenii Opera — 
Brewster's Appendix to ' Fereuson s Lectures ' — 
' Irish Transactions,' vol. X., or ' Nicholson's 
Journal,' voL XVI., Nos. 65, 66, for January and 
February, 1807. 
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kel;ne*B Prumatic micrometer — Brewster's micro- 
metrical teietcopt — Sir W. Herschel's Lamp 
micrometer — Cavallo's Mother of Pearl microme- 
ter, and sereral others. But, instead of attempt- 
ing even a general description of these instiu- 
ments, I shall confine myself merely to a very 
brief description of Cavallo't Micrometer, as its 
coDstructioD will be easily understood by the 
general reader, as it is one of the most simple of 
these instruments, and ia so cheap as to he pro- 
cured for a few shillings ; while some of the 
instruments now mentioned are so ezpensire, as 
to cost nearly as much as a tolerably good tele- 
scope.* 

This micrometer consists of a thin and narrow 
slip of mother of pearl finely divided, which is 
placed in the focus of the eye-glass of a telescope, 
just where the image of the object is formed ; and 
it may be applied either to a reflecting or a re- 
fracting telescope, provided the eye-glass be a 
convex lena. It ia about the ^th part of an inch 
broad, and of the thickness of common writing 
paper, divided into equal parts by parallel lines, 
every fifth and tenth of which is a little longer 
than the rest. The simplest way of fixing it is 
to stick it upon the diaphragm which generally 
stands within the tube, and in the focus of the 
eye-glass. When thus fixed, if you look through 
the eye-glass, the divisions of the micrometrical 
scale will appear very distinct, unless the diaphragm 
is not exactly in the focus of the eye-glass, in 
which case it must be moved to the proper place ; 
— or, the micrometer may be placed exactly in 
the focus of the eye-lens by the interposition of 
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N. But tha following is the most easy and 
accurate method of detenDining the value of the 
divisions : — 

Mark upoa a wall or other place the length of 
tix inchst, which may be done by making two 
dots or lines six inches asunder, or by fixing a six 
inch ruler upon a stand. Then place the tele- 
scope before it, bo that the ruler or six-inch length 
may be at right angles with the direction of the 
telescope, and just 57 feet 3^ inches distant from 
the object-glass of the telescope; this done, look 
through the telescope at the ruler, or other exten- 
sion of six inches, and observe how many divisions 
of the micrometer are equal to it, and that same 
number of divisions is equal to half a d^ree, or 
80' ; and this Is all that is necessary for the re- 
quired determination. The reason of which is, 
because an extension of six inches subtends an 
angle of SO', at the distance of 57 feet, S( inches, 
as may be easily calculated from the rules of plane 
Trigonometry. 
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Fig. 86, exhibits this micrometer scale, but 
shows it four times larger than the real size of 
one which was adapted to a 3 feet achromatic tele- 
scope magnifying 64 times. The divisions upon 
it are the SOOUis of an inch, which reach from 
one edge of the scale to about the middle of it, 
excepting eveiT fifth and tenth division, which are 
longer. Two divisions of this scale are very nearly 
equal to one minute ; and as a quarter of one of 
these diviuons may be distinguished by estimaUon, 
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they have nearly the same R. AacenBion, 6. For 
meuuring the small elerations or depressions of 
objects above and below the horizon. 7, For 
measuring the proportional parts of buildings, and 
other objects in perspective drawing. 8. For 
ascertaining whether a ship at sea, or any moving 
object is coming nearer or going farther off; for if 
the angle subtended by the object appears to in- 
crease, it shows that the object is coming nearer, and 
if the angle appears to decrease, it indicates that the 
object is receding from us. 9. For ascertaining 
the real distances of objects of known extension, 
and hence to measure heights, depths, and hori- 
zontal distances. 10. For measuring the real ex- 
tensions of objects when their distances are known. 
II. For measuring the distance and size of an 
object when neither of them is known. 

When the micrometer is adapted to those tele- 
scopes which have four glasses in the eye-tube — 
and when the eye-tube only it uted, it may be 
applied to the following purposes : — 1. For mea- 
suring the real or lineal dimensions of small ob- 
jects, instead of the angles. For if the tube be 
unscrewed from the rest of the telescope, and 
applied to small objects, it will serve for a micro- 
scope, having aconsiderable magnify ingpower, as we 
have already shown, (p. 348) ; and the micrometer, 
in that case, will measure the lineal dimensions of 
the object, as the diameter of a hair, the length 
of a flea, or the limbs of an insect. In order to 
find the value of the divisions for this purpose, 
we need only apply a ruler, divided into teiitbs of 
an inch, to the end of the tube, and, looking 
through the tube, observe how many divisions of 
the micrometer measure one tenth of an inch on 
the ruler, which will give the required value. 
Thus, if 30 divisions are equal to nth of an inch, 
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foot, by Problem I| and call the answer B ; then if 
tbe extenstoD in queation be expressed in inches, 
■ay, as 12 inches : are to that extension : : so is 
B ; to a fourth proportional, which is the anawer 
in inches. But if the extension in question be 
expressed in feet, then we need only inulti[rfy it 
by B, and tbe product is the answer in inches. — 
Example, At what distance is a man 6 feet bigb, 
when ne appears to subtend an angle of 30" ? 
By Problem I, if the man were 1 foot high, tbe 
distance would be S2506 inches ; but as he is 6 
feet high, therefore multiply 8S506 by 6, and the 
product is the required distance, namely 495036 
inches, or 41258 feet. 

For greater conreniency, especially in travel- 
ling, when one has not the opportunity of making 
such cahjulations, the following two tables have 
been calcuhited ; the first of which shpws the dis- 
tance answering to any angle from one minute to 
one degree, which is subtended by a man whose 
height is considered an extension of 6 feet, be- 
cause at a meuij such is the height of a man when 
dressed with hat and shoes on. These tables may 
be transcribed on a card, and may be kept always 
ready with a pocket telescope furnished with a 
micrometer. Their use is to ascertain distances 
without any calculations ; and they are calculated 
only to minutes, because with a pocket telescope 
and micrometer, it is not possible to measure an 
angle more accurately than to a minute. Thus, 
if we want to measure the extension of a street, 
let a foot ruler be placed at the end of the street ; 
measure the angular appearance of it, which sup- 
pose to be 36', and in the table we have the re- 
quired distance against 36', which is 95\ feet. 
Thus also a man who appears to be 49' high, is at 
the distance of 421 feet. Again, Suppose the 
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trunk of a tree which is known to be 8 feet in 
diameter be observed to subtend an angle of 9^^. 
Take the number answering to 9^ out of the table, 
namely 882, and subtract from it a proportional 
part for the half minute, namely 19.1, which 
subtracted from 882, leaves 862.9. This mul- 
tiplied by 8, the diameter of the tree, produces 
1087, 7 feet = the distance from the object end 
of the telescope. 
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AB, divided into two quadrants of 90 degrees 
each. This is called the temicircU of altituda, 
and may, at any time, serve the purpose of s 
quadrant in measuring either altitudes or depres- 
sions. It has a nonius plate at K. At right 
angles to the plane of this semicircle, the equa- 
torial circle MN is firmly fixed. It represents 
the equator, and ts divided into twice 12 hours, 
every hour being divided into IS parts of 6 
minutes each. Upon the equatorial circle moves 
another circle, with a chamfered edge, carrying a 
nonius by which the divisions on the equatorial 
may be read off to single minutes ; and at right 
angles to this moveable circle is fixed the temi- 
circle of declination D, divided into two quadrants 
of 90 degrees each. The telescope FO, is sur- 
mounted above this circle, and is fixed to an index 
moveable on the semicircle of declination, and 
carries a nonius opposite to Q. The telescope is 
furnished with 2 or 3 Huygenian eye-pieces, and 
likewise with a diagonal eye-piece for viewing 
objects near the zenith. Lastly, there are 2 
spirit levels fixed on the horizontal circle, at right 
angles to each other, by means of which this 
circle is made perfectly level when observations 
are to he made. 

To adfiut the equatorial for obterDation. Set 
the instrument on a firm support. Then to adjtut 
the levelt and the horizontal circle : — Turn the 
horizontal circle till the be^nning O of the divi- 
sions coincides with the middle stroke of the 
nonius, or near it. In this situation one of the 
levels will be found to lie either in a right line 
joining the 2 foot screws which are nearest the 
nonius, or else parallel to such a right line. By 
means of the S last screws, cause the bubble in 
the level to become stationary in the middle of 
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tioru by the temicircle of altitude. Set the Donius 
on the declination-setnicircle to 0, and the nonius 
on the horary circle to XII ; direct the telescope 
to any fixed and distant object, by moving the 
horizontal circle and semicircle of altitude, and 
nothing else ; note the degree and minute of alti* 
tude or depression ; reverse the declination-semi* 
circle, by directing the nonius on the horary circle 
to the opposite XII ; direct the telescope again 
to the same object, by means of the horizontal 
circle and semicircle of altitude, as before. If its 
altitude or depression be the same as was observed 
in the other position, no correction will be re- 
quired ; but, if otherwise, half the difference of 
the two angles is the correction to be added to all 
observations made with that quadrant, or half of 
the semicircle which shows the least angle, or to 
be subtracted from all the observations made with 
the other quadrant, or half of the semicircle* 
When the levels and other adjustments are once 
truly made, they will be preserved in order for 
a length of time, if not deranged by violence ; 
and the correction to be applied to the semicircle 
of altitude is a constant quantity. 

Description of the nonitu. The nonius — some* 
times called the vernier— is a name given to a 
device for subdividing the arcs of quadrants and 
other astronomical instruments. It depends on 
the simple circumstance, that if any line be 
divided into equal parts, the length of each part 
will be greater, the fewer the divisions; and con- 
trariwise, it will be less in proportion as those 
divisions are more numerous. Thus, in the 
equatorial now described, the distance between 
the two extreme strokes on the nonius is exactly 
equal to II degrees on the limb, but that it is 
divided into 12 equal parts* Each of these lust 
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latitude of the place may be foond by means of 
the semicircle of altitude, when the telescope is 
directed to the son or a known fixed star. It is 
liLewise requisite to make the obserradtm when 
the azimuth and altitude of the sun alter quickly ; 
and this is generally the case, the farther that 
luminary is from the meridian : — Therefore, at 
the distance of 3 or 4 hours, either before or after 
noon, (ill summer) adjust the horizontal circle; 
set the semicircle of altitude, so that its nonius 
may stand at the co-latitude of the place ; lay the 
plane of the last -mentioned semicircle in the 
meridian, by estimation, its being directed 
towards the depressed pole ; place the nonius of 
the declination semicircle to the declination, 
whether north or south. Then direct the teles- 
cope towards the sun, partly by moving the 
declination semicircle on the axis of the equatorial 
circle, and partly by moving the horizontal circle 
on its own axis. There is but one position of 
these which will admit of the sun being seen ex- 
acily in the middle of the field of view. When 
this position ia obtained, the nonius on the equa- 
torial circle shows the apparent time, and the 
circle of altitude i* in the plane of the meridian. 
AVhen this position is ascertained, the meridian 
may be settled by a land-mark at a distance. 

With an equatorial instrument, nearly similar 
to that now described, I formerly made a aeries 
of 'day ohiervatioHt on the celestial bodies,' 
which were originally published in vol. 36 of 
* IJicholson's Journal of Natural Philosophy,' and 
which occupy twenty pages of that journal. Some 
of these observations I shall lay before the reader, 
after having explained the manner in which they 
are made. 

The instrument was made by Messrs. W. and 
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or as long as it remains above the horizon. For 
as the diurnal motion of a star is parallel to the 
equator, the motion of the telescope on the equa- 
torial circle, will always be in the star's diurnal 
arc ; and should it have left the field of the telescope 
for any considerable time, it may be again re- 
covered, by moving the telescope onward accord- 
ing to the time which elapsed since it was visible 
in the field of view. We may illustrate what has 
been now stated by an example or two. Suppose 
on the 30th April, 1841, at 1 o'clock, p.m. we 
wished to see the star Aldebaran, The Right 
Ascension of this star is 4^ 27^ ; and the sun's 
Right Ascension for that day at noon, as found 
in * White's Ephemeris,' or the ' Nautical Alma- 
nack,' is 2^ 30°^. Subtract this last number from 
4h 27^^ and the remainder 1^ 57°^, shows that the 
star comes to the meridian on that day at 57 
minutes past 1 o'clock, p.m. And as the time of 
observation is 1 p.m., the nonius which moves on 
the equatorial circle must be set to 8 minutes past 
XI, as the star is at that hour 67 minutes from the 
meridian. The declination of Aldebaran is 16^ 
11' north, to which point on the semicircle of de- 
clination, the telescope must be adjusted, and 
then the star will be visible in the field of view. 
Again, suppose we wished to observe the planet 
Venus on the 1st January, 184S, at 12 o'clock 
noon. The sun's Right Ascension on that day 
is 18*» 46", and that of Venus 17^ 41°>, from 
which the sun's Right Ascension being subtracted,' 
the remainder is 22^ 55°^, or 55 minutes past 10, 
A.M. Here, as the Right Ascension of Venus is 
too small to have the sun's Right Ascension taken 
from it, we borrow 24f hours, and reckon the 
remainder from XII at noon. As the planet at 
12 noon, is 1 hour 5 minutes past the meridian. 
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the nonius on the equatorial circle must be set to 
that pointy and the telescope adjusted to 23^ 6' of 
south declination, which is the declination of 
Venus for that day, when this .planet will appear 
in the field of view. 

Observations on the fixed stars and planets^ made 
in the daytime by the Equatorial^ 

For the purpose of illustrating the descriptions 
now given, and for affording some information 
respecting celestial day observations, I shall select 
a few of the observations above alluded to^ which I 
formerly published in Nicholson's Journal, along 
with a few others which have been since made. 
These observations were made with a view to 
determine the following particulars: — 1. What 
stars and planets may be conveniently seen in the 
day-time, when the sun is above the horizon? 
2. What degrees of magnifying power are requi- 
site for distinguishing them ? 3. How near their 
conjunction with the sun they may be seen ? and 
4. Whether the diminution of the aperture of 
the object-glass of the telescope, or the increase of 
magnifying power, conduces most to render a star 
or a planet visible in day-*light. Having never 
seen such observations recorded in books of astro- 
nomy or in scientific journals, I was induced to 
continue them, almost every clear day for nearly a 
year, in order to determine the points now specified. 
Some of the results are stated in the following pages. 

Observations on fixed stars of the first magni" 
tude. April 23, 1813, at 10^ 15"", a.m., the sun 
being 5i hours above the horizon. Saw the star 
yega, or « Lyrae, very distinctly with a power of 
30 times. Having contracted the aperture of the 
object-glass to ^ of an inch, saw it on a darker 
ground, but not more plainly than before. 
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bright, Bad the eky very mach enlightened in that 
quarter of the heavens where the star appeared. 
There was also a considerable undulation of the 
air, which is generally the case ia the hot morn- 
ings of summer — which renders a Star more dif- 
ficult to be perceived than in the afternoon, 
especially when it is viewed at a low altitude. 
June 4ith, 1" 30", p.m., saw Sirius with a power 
of 30 with great distinctness, the aperture not 
contracted. The star was then within 1" 50™, ia 
time of Right Ascension east from the sun. 
August 24ih, 9'' 5", a.m., saw the star Procyon, 
or a Canii-Minorit distinctly with a power of 60, 
the aperture not contracted. When diminished 
to n inch, it appeared rather more distinct, as the 
ground on which it was seen was darker. With a 
power of 30, and the aperture contracted to ii 
inch, could perceive it, but somewhat indistinctlj. 
When the equatorial motion was performed, in 
order to keep it in the field of view, it was some- 
time before the eye could again fix upon it. 
When the aperture was diminished to half an inch, 
it could not be perceived. Saw it when both the 
apertures were removed, but rather more dis- 
tinctly with the aperture of n inch. The difference 
in the result of this observation, from that of 
Capella, above stated, was owing to the star's 
proximity to the sun, and the consequent illumi- 
nation of the sky in that quarter where it ap- 
peared. Its difference in Right Ascension from 
that of the sun was then about 2i> 5" of time, and 
its difference of declination about 4f SO*.* This 

* The right Bucniioiii, declinatlani, longitndei, &c^. atated in tbctc 
memanuitla — which were noted at the time of nbierraiion — are only 
anproximalion* to the tmth \ perfect Rccnncy in then reapecti baioK 
of no imporliuice in aoch obaervsliona. They arc, however, in gene- 
nil, within n minute nr two of tbe (ruth. The lima of the oburva- 
tjoni, loo. ore natcd in refeimoe — not to the ■ufmomuo', but to the 
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star may be considered as one of those which rank 
between the first and second magnitudes. 

Similar obserrations to the above were made 
and frequently repeated on the stars BJgel, 
Aldebaran, Betelguese Cor-Leonia and other 
stars of the first magnitude, which gave nearly 
the same results. The stars Altares and Fomal- 
haut are not so easily distinguished, on account 
of their great southern declination, and conse- 
quent low elevation aboTe the horizon. The 
following obserralion on Arctunu may be added. 
June 8rd, observed Arcturus very distinctly, a 
little before 7 in the evening, the sun being about 
1'' 40'° above the horizon, and shining bright — 
with a power of 15 ; the aperture not contracted. 
It appeared very small but distinct. This star is 
easily distinguishable at any time of the day with 
a power of 80. 

Obtervationt on itart of the teeond magnitude. 
May 5, 1813, at &, p.m. ; the sun being an hour 
and Uiree quarters above the horizon. Saw 
Akpkard, or a Hydras, a star of the second mag- 
nitude, with a power of 60 ; the aperture 
diminished to^ inch. A few minutes afterwards 
could perceive it, but indistinctly, with a power 
of 30, the aperture contracted as above. It could 
not be seen very distinctly with this power, till 
about half an hour before sun-set. It was then 
seen rather more distinctly when the aperture was 
contracted than without the contraction. May 
7Ui. Saw the star Deaab, or $ Leonit, distinctly 
with a power of 60, about an hour and a half be- 
fore sun-set. August 20tb. Saw Has Alkague, 
or a Ophinchi, at 4^ 40™, f.m., with a power of 

cnildaj. ThcBitropoinicaldajr commeneeiatlSnooD.Biid tbehonn 
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100, the sun being nearly 8 hours above the hori- 
zon, and shining bright. Perceived it about au 
hour afterwards, with a power of 60 — with the 
aperture contracted to ^ inch, and also when this 
contraction was removed. The star was seen nearlj 
as distinctly in the last case as in the first. August 
S7, 5^, P.M., the same star appeared quite distinct 
with a power of 60, the aperture not contracted. It 
did not appear more distinct when the aperture 
was contracted to ,| inch. The sun was then 
more than 2 hours above the horizon. August 
28th. Saw the star Pollux, or /3 Gemini, 2 hours 
after sun-rise with a power of 60, aperture un- 
dimished. November 12th, Ih 30', p.m. Saw the 
star Altair, or a Aquilcs, with an 8^ inch teles- 
cope, 1 inch aperture, carrying a power of 45, the 
aperture not contracted. Having contracted the 
aperture a little, it appeared somewhat less dis- 
tinct. This star is reckoned by some to belong 
to the class of stars of the first magnitude ; but in 
White's ' Ephemeris ' and other Almanacks, it 
is generally marked as being of the second magni- 
tude. It forms a kind of medium between stars 
of the 1st and of the 2nd magnitude. 

Similar observations, giving the same results, 
were made on the stars Ballatrix, Orion's Girdle, 
a Andromedse, a Pegasi, Alioth, Benetnach, 
North Crown, or a Coronse Borealis, and various 
other stars of the same magnitude. 

From the above and several hundreds of similar 
observations, the following conclusions are deduced. 

]. That a magnifying power of 30 times is 
sufficient for distinguishing a fixed star of the 
first magnitude, even at noon-day, at any season 
of the year ; provided it have a moderate degree 
of elevation above the horizon, and be not within 
30^ or 40^ of the sun's body. Also, that, by a 



470 THE PRACTICAL A9TBONOHEH. 

first magnitude. Tba one which is most easily 
distinguished at all times, is the planet Venus. 

1. Obtervatiotti on Venut. M; observations on 
this planet commenced about the end of August, 
1812, about three or four weeks after its inferior 
conjunction. About that period, between ten 
and eleven in the forenoon, with a power of 45, 
it appeared as a beautiful crescent, quite distinct 
and well-defined, with a lualre similar to that of 
the moon about sun-set, but of a whiter colour. 
The view of its aurface and phase was full; more 
distinct and satisfactory than what is obtained in 
the evening after sun-set; for, being at a high 
elevation, the undulation near the horizon did 
not affect the distinctness of vision. The planet 
was then very distinctly seen with a power of 7 
times, when it appeared like a star of the first or 
second magnitude. I traced the variation of its 
phases, almost every clear day, till the month of 
May, 1818. As at that time, it was not far from 
its superior conjunction with the sun, I wished 
to ascertain how near its conjunction with that 
luminary it might be seen ; and particularly 
whether it might not be possible, in certain cases, 
to see it at the moment of its conjunction. 

The expressions of all astronomical writers pre- 
vious to this period, when describing the phases 
of Venus, either directly assert, or, at least imply, 
that it is impoMnble to see that planet, in any 
instance, at the time of its superior conjunctioiu 
This is the language of Dr. Long, Dr. Gregory, 
Dr. Brewster, Ferguson, Adams, B. Martin, 
and most other writers on the science of astronomy. 
How far such language is correct will appear 
from 'he following observations and remarks. 

April 24, 1818, 10* Sff a.m. Observed Venus 
with ft power of 30, the aperture not contracted. 
She was then about 31 minutes, in time, of right 
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Telescope for viewing the planet Veniu, but it 
could not be perceived, on account of the direct 
rays of the sun entering the tube of the tele- 
scope. 1 contrived an apparatus for screening his 
rays, but could not get it conveniently to move 
along with the telescope ; and therefore deter- 
mined to wait till past eleven, when the top of the 
window of the place of observation would inter- 
cept the solar rays. At ll** 20™, a.m., just as 
the sun had passed the line of sight from the eye 
to the top of the window, and his body was 
eclipsed by it, I was gratified with a tolerably dis- 
tinct view of the planet, with a power of 60. 
The aperture being contracted to ^ inch. The 
distinctness increased as the sun retired, till, in 
two or three minutes, the planet appeared per- 
fectly well-defined. Saw it immediately after- 
wards, with a power of 30> the aperture contracted 
as before. Saw it also quite distinctly with a 
power of 15; but it could not be distinguished 
with this power, when the contracted aperture 
was removed. At this time Venus was just 
3'' in longitude, or about 13' in time of R.A. east 
of the sun's centre, and of course only about 
2} degrees from his eastern limb ; the difference of 
their declination being 37', and the planet's latitude 
11 'north. 

Several years afterwards, I obtained views of 
this planet, when considerably nearer the sun's 
margin than aa stated in the above observation, 
particularly on the 16tfa October, 1819, when 
Venus was seen when only 6 days and 19 hours 
post the time of the superior conjunction. At 
that time its distance from the sun's eastern limb 
was only P 98' i&". A subsequent observation 
proved that Venus can be seen when only 1° 27', 
from the sun's margin— which I consider as ap- 
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proximating to the nearest distance from the sun 
at whicli this planet is distinctly risible. — I 
shall only state farther the two or three following 
observations. 

June 7th, 1813, 10*. a.m. Saw Venus with 
a power of 60, the aperture being contracted to 
^ inch — the direct rays of the sun not being inter- 
cepted by the top of the window. The aperture 
having being further contracted to ^ inch, could 
perceive her, but not quite bo distinctly. When 
the contractions were removed, she could scarcely 
be seen. She was then 8" 33' in longitude, and 
nearly 15 minutes in time of R.A. distant from 
the sun's centre. Some fleeces of clouds having 
moved across the field of view, she was seen re- 
markably dbtinct in the interstices — the sun at 
the same time, being partly obscured by them. — 
August 19th, i"* lO", P.M. Viewed Venus with a 
magnifying power of 100. Could perceive her 
surface and gibbous phase almost as distinctly as 
when the sun is below the horizon. She appeared 
bright, steady in her light, and well defined, with- 
out that glare and tremulous appearance she exhi- 
bits in the evening when near the horizon. She 
was then nearly on the meridian. On the whole, 
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the 8UD, at 19 minutes past 11, a.m. It had 
passed the point of iu superior conjunction with 
the sun, on the 5th March, at 1^ 19", p.m. The 
difference of right ascension between the sun and 
the planet was then about 6^ minutes of time, or 
about 1** 87J', and it was onl; about 1° 21' distant 
from the sun's eastern limb. It appeared quite 
distinct and well-defined, and might perhaps have 
been seen on the preceding day, had the observa- 
tion been then made. — The following obseiration 
shows that Venus may be seen still nearer the 
aun than in the preceding observations, and even 
at the moment of its tuperior conjunction. On 
the Snd of October, 1843, this planet passed the 
point of its superior conjunction with the sun, at 
4'' 15", P.M. At two o'clock, p.m. — only two hours 
before the conjunction, I perceived the planet dis- 
tinctly, and kept it in view for nearly ten minutes, 
till some dense clouds intercepted the view. It 
appeared tolerably distinct and well-defined, though 
not brilliant, and with a round full face, and its 
apparent path was distinctly traced several times 
across the field of view of the telescope. I per- 
ceived it afterwards, about half past four, p.m., 
only a few minutes after it had passed the point 
of conjunction, on which occasion it appeared less 
distinct than in the preceding observation, owing 
to the low altitude of the planet, being then only 
a few degrees above the horizon. The observa- 
tions, in this instance, were made not with an equa- 
torial instrument, which I generally use in such 
observations, but with a good achromatic telescope 
4i\ inches focal distance, mounted on a common 
tripod, with a terrestrial power of 95 times. A 
conical tube about ten inches long was fixed on 
the object-end of the telescope, at the extremity 
of whicn an aperture, li inch diameter was placed, 
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Sftturn are found to be not spheres but tpheroidg, 
having their polar shorter tban their equatorial 
diameteis. But the true figure of Venus has 
never yet been ascertained, because it is onljr at 
the superior conjunction that she presents a full 
enlightened hemisphere, and when both diameters 
can be measured, except at the time when shs 
transits the sun's disk, which happens only twice 
in the course of 120 years.* 

■ Tbs UU Mr. Baninmm 
tlie lolar telncope, in bii ' 

thg (bllowiiift nUlion ; — ' 1 ouinotherE omit to mention stcTj aiinial 
ntoMMimaii that I obunad iboat ten jean ago in mj dulcfntd rnom. 
Tha window looked lawardi the west, and the ipire of Chichnler 
Calhednl wu before it at the diitance of 50 or 60 judk I uaed 
Tcry afien to divert mfKlf by obaarring tbe pleaaBUtnumner in which 
the iuji paued btbind the spire, and was eclip«d by il for Knnetime ; 
for the imue of tbe son and of the spire were Ter; lar}^ being mads 
bj a lens of 12 feet Focal distanca. And bom as 1 oMerrcd the oo 
collation of tbe sun btbind the spire, just ni tlia disk diuppeved, I 
nw KTeial imall, brij^ht, round bodies or balls running toward tlie 
snn from the dark part of the roam, even to tbe distance of 20 iochea. 
I obserred their motion was & little irregular, but rectilioear, a ' 
•eemed accelerated as tbej approached the sun. '"' 
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cultation. Tbev appeared to be in general one-Iwentielh ofan inch in 
diaineler, and therefore, must be Terj- lat^ luminous globes in (am* 
part o[ (be heavens, whose Iij{bt was exlin^ished by that of the sun, 
so that they appeared not m open daylight; bat whether of the 
meteoi kind, or what sort of bodies they might be, I could not cud- 
jecloro.' Professor Hansteen mentions, that when employed in mea- 
suring (he senith distances of (he pole star, be obserred a somewhat 
similar phenomenon, which he described as ' a luminous body which 
passed orer the 6eld of the uniienol telescope — that its motion waa 
neither perfectly equal nor rectilinear, but resembled very much the 
unequal and somewhat serpen line motion ofan ascending rocket;' 
end he concluded that it muit have been 'a meteor 'or' ihootiag star ' 
descfcding from the higher regions of the atmosphere.' 

la my frequent observations on Venus, to determine the nearett 
poiitiont to the snn in which (hat planet could be seen, I had MTeial 
times an opportunity of witnessing similar phenomena. I was not a 
little surprised, when searching for the planet, frequend; to pecnire 
B body pau ociuu the Beld of tbe telescope, appuently of tAe nma 

' See Edinbmgli PhilowpbicalJoiinial, for April, 182S.No. XXIV, 
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when its geocentric latitudoi either north or south, 
at the time of conjunction, is not less than 1^ l^', 
or, when the planet is about 58' from the sun*s 
limb. This conclusion is deduced from the obser- 
vation of Oct. 2, I843j* stated above. 

2. Another conclusion is — that during the space 

fixed in the direction of the sun. Farther on, he pereeired another 
group having their eyes in like manner turned towards the snn. He 
questioned an intelligent artist who was among them to learn the ob- 
ject that fixed his attention. He replied, * We are looking at the 
stars which are detaching themselves from the sun.* ' You may look 
yourself ; that will be the shortest way to learn the fact* He looked, 
and saw, in fact, not stars, but balls of fire of a diameter equal to the 
largest stars, which were projected in various directions irom the appec 
hemisphere of the sim, with an incalculable velocity, and althongh 
this velocity of projection appeared the same in all, jtt they did not 
all attain the same distance. These globes were projected at nneqaal 
and pretty short intervals. Several were often projected at once, but 
always diverging from one another. Some of them described a right 
line, and were extinguished in the distance ; some described^ a pum- 
bolic line, and were in like manner extinguished ; others agun, afWr 
having romoved to a certain distance in a right line, retrograded npon 
the same line, and seemed to enter, still luminous, into the sun*s disk. 
The ffround of this magnificent picture was a sky blue, somewhat 
tinged with brown. Such was nis astonishment at the sight of so 
majestic a spectacle, that it was impossible for him to keep his eyes off 
it till it ceased, which happened gradually as the eclipse wore ofifand 
the solar rays resumed their ordinary lustre. It was remarked by one 
of the crowd that * the sun projected most stars at the time when it 
was palest ; * and that the circumstance which first excited attention 
to this phenomenon w^ that of a woman who cried out * Come here ! 
— come and see the flames that aro issuinff from the sun ! * 

I have stated the above &cts because uiey may^ afterwards tend to 
throw light upon certain objects or phenomena with which we an at 
present unacquainted. The phenomenon of * falling stars ^ has of late 
years excited considerable attention, and it seems now to be emitted, 
that, at least,^ certain species of these bodies descend from r^ons far 
beyond the limits of our atmosphero. This may be pronounced as 
certain with rogard to the ' November Meteors.* May not some of 
the phenomena described above, be connected with the mil of meteoric 
stones — the showers of falling stars seen on the 12th and ] 3th of 
November, or other meteoric phenomena whose causes we have hitherto 
been unable to explain ? Or, may we conceive that certain celestial 
bodies, with whose nature and destination we aro as yet unacquainted, 
may be rovolving in different courses in the regions around as—some 
of them opaque and* others luminous, and whose light is ondistin* 
guishable by reason of the sohir effulgence P 

* For an exphuiation of the manner of viewing Venns at her 
soperior conjunction, see ' Celestial Scenery,* 5th thonsand, p. 102. 
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ened hemisphere — ma;, on every clear day, be 
conveniently exhibited by means of the equatorial 
telescope. Tbis circumstance renders this instru- 
mcDt peculiarly useful in the instructioD of the 
young in the principles of astronomy. For, if the 
phase which Venus should exhibit at any particular 
time be known, the equatorial telescope may be 
directed to the planet, and its actual phase in the 
heavens be immediately exhibited to the astrono- 
mical pupil. 

4. Since it is ouly at the period of the superior 
conjunction that this planet presents a full 
enlightened hemisphere, and since it is only when 
this phase is presented that both its diameters 
can be measured — it is of some importance that 
observations be made on it at the moment of 
conjunction, by means of powerful telescopes fur- 
nished with micrometers, so as to determine the 
difference (if any) between its polar and equatorial 
diameters. 

6. Another conclusion from the observations 
on Venus, is, that a moderate diminution of the 
aperture of the object-glass of the telescope is 
useful, and even necessary in viewing this planet 
when near the sun. lu effect is owing in part 
to the direct solar rays being thereby more effec- 
tually excluded; for when these rays enter 
directly into the tube of the telescope, it is very 
difficult, and almost impossible to perceive this 
planet, or any other celestial body when in the 
vicinity of the sun. 

Ohtervationi on Jupiter and other planett. 

This planet is very easily distinguished in the 

day-time with a very moderate magnifying power, 

when it is not within 8(y> or SS" of the sun. The 

following extract from my memorandums may 
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this planet about noon, but could not perceive it. 
The air, however, at the timea alluded to, was not 
very clear, and I was not certain that it wss within 
the field of the telescope ; and therefore, I am 
not convinced but that, with a moderately high 
power, it may be seen even at noon-day. 

Such are some specimens of the observations I 
have made on the heavenly bodies in the day-time, 
and the conclusions which may be deduced from 
them. I have been induced to communicate them, 
from the consideration, that the most minute 
facts, in relation to any science, are worthy of 
being known, and may possibly be useful. They 
may at least gratify the astronomical tyro with 
some information which he will not find in the 
common treatises on astronomy, and may perhaps 
excite him to prosecute a train of similar observa- 
tions for confirming or correcting those which have 
been noted above. 

Besides the deductions already stated, the fol- 
lowing general conclusions may be noted. — 1. 
That a celestial body may be as easily distinguished 
at noon-day, as at any time between the hours of 
le in the morning and three in the afternoon, 
cept during the short davs in winter. 2. They 
! more easily distinguished at a high than at a 
V altitude — in the aitemoon than in the mom- 
^, especially if their altitudes be low — and in 
: northern region of the heavens than in the 
ithem. The difficulty of perceiving them at a 
T altitude is obviously owing to the thick 
lOurs near the horizon. Their being less easily 
tineuishedin the rooming than in the afteroooo 
owing to the undulations of the atmosphere, 
ich are generally greater in the moming than 
the afternoon. This mav be evidently ner- 
ved by looking at distant land-objects at those 
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which prerents us from tracing, with accaracy, 
the progressive motion of its spots for a sufficiect 
length of time. And, altbough an obserrer should 
mark the motion of the spots at the same hour, 
on two succeeding evenings, and find they had 
moved forward about 15" in 24 hours, he would 
■till be at a loss to determine, whether they had 
moved only 15°, in all, since the preceding obser- 
vation, or had finished a revolution and 15* more. 
If, therefore, any spots could be perceived on the 
surface of Venus in the daytime, their motion 
might be traced, when she is in north declination, 
for 12 hours or more, which would completely 
settle the period of rotation. That it is not im- 
probable that spots, fitted for this purpose, may 
be discovered on ber disk in the day-time, appears 
from some of the observations of Casaini, who 
saw one of her spots when the sun was more than 
eight degrees above the horizon.* The roost dis- 
tinct and satisfactory views I have ever had of this 
planet were those which I obtained in the day- 
time, in summer, when it was viewed at a high 
altitude, with a 44} inch achromatic telescope, 
carrying a power of 150. I have at such times 
distinctly perceived the distinction between the 
shade and colour of its margin, and the superior 
lustre of its central parts, and some spots have 
occasionally been seen, though not so distinctly 
marked as to determine its rotation. Such dis- 
tinct views are seldom to be obtained in the even- 
ing after sun-set, on account of the undulations of 
the atmosphere, and the dense mass of vapours 
through which the celestial bodies are viewed 
when near the horizon, 

Mor do I consider it altogether improbable that 
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first yieW| appear to some as paradoxical ; since 
the finding of a star in daylight depends on our 
knowing its right Ascension from the sun^ and 
this last circumstance dependsi in some measure, 
on our knowing the true time. But if a watch or 
clock is known not to have varied above seven or 
eight minutes from the time, a star of the first 
magnitude may easily be found, by moving the 
telescope a little backwards or forwards, till the 
star appear ; and when it is once found, the exact 
variation of the movement is then ascertained, by 
comparing the calculations which were previously 
necessaiT, with the time pointed out by the nonius 
on the Equatorial circle — or, in other words, by 
ascertaining the difierence between the time as- 
sumed, and the time indicated by the instrument, 
when the star appears in the centre of the field of 
view. All this may be accomplished in five or six 
minutes. 

Besides the practical purposes now stated, the 
Equatorial telescope is pernaps the best instru- 
ment for instructing a learner in the various opera- 
tions of practical astronomy, and particularly for 
enabling him to distinguish the names and posi- 
tions of the principal stars. For, when the right 
Ascension and Declination of any star is known, 
from astronomical tables, the telescope may be 
immediately adjusted to point to it, which will 
infallibly prevent his mistaking one star for another. 
In this way, likewise, the precise position of the 
planet Mercury^ Uranus^ Fesia, Juno, Ceres, 
PalUu — ^a small comet, a nebula, a double star, 
or any other celestial body not easily distinguish- 
able by the naked eye, may be readily pointed 
out, when its right Ascension and Declination 
are known to a near approximation. 

In conclusion, I cannot but express my sur- 

Y 5 
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Erisei that the Equatorial telescope is so little 
no wily even by many of the lovers of astrono- 
mical science. In several respectable academies 
in this part of Britain, and, if I am not misin- 
formed, in most of our universities, this instru- 
ment is entirely unknown. This is the more un- 
accountable, as a small equatorial may be pur* 
chased for a moderate sum ; and as there is no 
single instrument so well adapted for illustrating 
all the operations of Practical Astronomy. Where 
very great accuracy is not required, it may occa- 
sionally be made to serve the general purposes of 
a transit instrument for observing the passages of 
the sun and stars across the meridian. It may 
likewise be made to serve as a theodolite for sur- 
veying land and taking horizontal angles— as a 
Quadrant for taking angles of altitude — ^as a level 
— as an equal altitude instrument — an azimuth 
instrument for ascertaining the sun's distance from 
the north or south points of the horizon — ^and as 
an accurate Universal Sun Dial, for finding the 
exact mean or true time, on any occasion when 
the sun is visible. The manner of applying it to 
these different purposes ynll be obvious to every 
one who is in the least acquainted with the nature 
and construction of this instrument. 

The price of a small Equatorial instrument, 
such as that described p. 454, is about 16 guineas, 
exclusive of some of the eye-pieces, which were 
afterwards added for the purpose of making parti- 
cular observations. Instruments of a larger size, 
and with more complicated machinery, sell from 
50 to 100 guineas and upwards. Messrs. W. and 
S. Jones, Holborn, London, construct such instru- 
ments. 
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would all contain exactly 90 degrees each. By 
the application of this principle the comparative 
measure of angles may be extended to an indefi- 
nite distance. By means of an instrument con- 
structed in the form of a quadrant of a circle, 
with its curred edge divided into 90 equal parts, 
the altitude of any object in the heavens can at 
any time be determined. 

There are various constructions of this instm- 
ment, some of them extremely simple, and others 
GODsiderahly complex and expensive, according to 
the degree of accuracy which the observations re- 
quire. The following is a description of the 
Pillar Quadrant, aa it was made by Mr. Bird, for 
the observatory of Greenwich, and several con- 
tinentai observatories. 

This instrument consists of a quadrant EEHGL 
(fig. 88.) mounted on a pillar B, which is sup- 
ported by a tripod AA, resting on three foot 
screws. The quadrant, the pillar, and the hori- 
zontal circle all revolve round a vertical axis. A 
telescope H is placed on the horizontal radius, 
and is directed to a meridian mark previously 
made on some distant object for placing the plane 
of the instrument in the meridian, and also for 
setting the zero, or beginning of the scale truly 
horizontal. This is sometimes done by a level 
instead of a telescope, and sometimes by a plumb* 
line Q, suspended irom near the centre, and 
brought to bisect a fine dot made on the Umb, 
where a microscope is placed to examine the bisec- 
tion. The weight or plummet at the end of the 
plumb'line is suspended in the cistern of water 
b, which keeps it from bein^ agitated by the air. 
A similar dot is made for the upper end of the 
plumb-line upon a piece of brass, adjustable by 
a screw d, in order that the line may be exactiy 
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clamp which can be fastened to any part of the 
limb. A similar clamp-screw and slow motion is 
seen at n for the lower circle, which is intended to 
hold the circle fast, and adjust its motion. The 
divisions of the lower, or horizontal circle, are 
read by verniers, or noniuses, fixed to the arms 
of the tripod at / and m, and, in some cases three 
are used to obtain ^eater accuracy. 

In using this quadrant, the axis of the tele- 
scope H is adjusted to a horizontal line, and the 
plane of the quadrant to a vertical line, by the 
means already stated. The screw of the champ 
L is then loosened, and the telescope directed to 
the star, or other object, whose altitude is re- 
quired. The clamp screw being fixed, the observer 
looks through the telescope, and with the nut of 
the screw L he brings the telescope into a position 
where the star is bisected by the intersection of 
the wires in the field of the telescope. The divi- 
sions are then to be read off upon the vernier, 
and the altitude of the star will be obtained. By 
means of the horizontal circle D, all angles in the 
plane of the horizon may be accurately measured — 
such as the amplitudes and azimuths of the celes- 
tial bodies. 

Quadrants of a more simple construction than 
the above, may be occasionally used, such aa 
Gunter's, Cole's, Sutton's and others ; but none 
of these are furnished with telescopes, or telescopic 
sights, and therefore an altitude cannot be ob- 
tained by them with the same degree of accu- 
racy as with that which has been now described. 

By means of the Quadrant, not only the alti- 
tudes of the heavenly bodies may be determined, 
but also the distances of objects on the earth by 
observations made at two stations— the altitude 
of firebalb and other meteors in the atmosphere— 
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of the micrometer microscopes mm, which read off 
the aagle on opposite sides of each circle. The 
cross wires in each microscope may be moved over 
the limb till the; coincide with the nearest divi~ 
sion of the limb, by means of the micrometer 
screws ce, and the space moved through is ascer- 
tained by the divisions on the graduated head above 
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dine the Kzis to the eaat or west, while the screw 
b gives the upper one ( a motion in the plane of 
the meridian. B; this means the axis mav be 
adjusted to a perpendicular position as exacUy as 
by the usual method of the tripod with feet 
screws. These rings are attached to the centre 
piece t, which is firmlj connected with the upper 
surface of the stone b}* six conical Tubes ^,A,A, 
&c., and brass standards at every angle of the 
pedestal. Below this frame lies the azimuth 
circle E£ consisting of a circular limb, strength- 
ened by ten hollow cones firmly united with the 
vertical axis, and consequently turning freely 
along with it. The azimuth circle £E is divided 
and read off in the same manner as the vertical 
circle. The arms of the microscopes BB project 
from the ring t, and the microscopes themselvea 
are adjustable by screws, to bring them to zero 
and to the diameter of the circle. A little above 
the ring i is fixed an arm L which embraces and 
holds fast the vertical axis with the aid ofa champ 
screw. The arm L is connected at the extre- 
mity with one of the arms A, by means of the 
screw a, so that by turning this screw, a slow 
motion is communicated to the vertical axis and 
the azimuth circle. 

In order to place the instrument in a true ver- 
tical position, a plumb-line, made of fine silver 
vrire, IS suspended from a small hook at the top of 
the vertical tube n, connected by braces with one 
of the large pillars. The plumb-line passes 
through an angle in which it rests, and by means 
of a screw may be brought into the axis of the 
tube. The plummet at the lower end of the line 
is immersed in a cistern of water t, in order to 
check its oscillations, and is supported on a shelf 
proceeding from one of the pillars. At the tower 
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pieces of machinery, it is necessarily somewhat 
expensive. A six inch brass astronomical circle 
for altitudes, zenith or polar distances, azimuths, 
with achromatic telescope, &c., is marked in 
Messrs. W. and S. Jones' catalogue of astronomi- 
cal instruments, at £27 6s. A circle 12 inches 
diameter, from £36 15s. to £68 5s. An 18 inch 
ditto, of the best construction, £105. The 
larger astronomical circles for public observatories, 
from 100 to a 1000 guineas and upwards, accord- 
ing to their size, and the peculiarity of their con- 
struction* 



THE TRANSIT INSTRUMENT. 

A Transit instrument is intended for observing 
celestial objects as they pass across the meridian. 
It consists of a telescope fixed at right angles to a 
horizontal axis — ^which axis must be so supported 
that what is called the Une of colUmation, or the 
line of sight of the telescope, may move in the 
plane of the meridian. This instrument was first 
invented by Romer in the year 1689, but has since 
received great improvements by Troughton, Jones 
and other modern artists. Transit instruments 
may be divided into two classes. Portable, and 
Fixed. The portable instrument, when placed 
truly in the meridian, and well adjusted, may be 
advantageously used as a stationary instrument in 
an observatory, if its dimensions be such as to 
admit of a telescope of 8i feet focal length; but 
when the main tube is only from 20 to 80 inches 
long, with a proportional aperture, it is more 
suited for a travelling instrument to give the exact 
time ; and, when carried on board a ship in a 
voyage of discovery, may be taken on shore at 
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any couTenient place, for detemuQing the solar 
time of that place, and for correcting^ the daily 
rate of the Chronometer givinfj the time at the 
first meridian, so that the longitude of the place 
of observation may he obtained from the difference 
of the observed and indicated times, after the 
proper corrections have been made. 

The following is a brief description of one of 
Mr. Troughton'a Portable Transit Instruments. 
In fig. 90. PP is an achromaric telescope firmly 
fixed, by the middle to a double conical and hori- 
lontJ axis HH, the pivots of which rest on 
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bjr taking equal altitudes of the sun or a star 
before and after they paas the meridian, which 
may be done by small quadrants, or by a good 
sexUnU The axis H of the instrument is then 
to be placed horizontal by a spirit level, which 
aocampaoies the transit, and the greatest care 
must be taken that the axis of vision describes in 
the heavens a great circle of the sphere. To as- 
certain whether the telescope be in the plane of 
the meridian, observe by the clock when a circum- 
polar star seen through the telescope transits both 
above and below the pole ; and if the times of 
describing the eastern and western parts of its 
circuit be equal, the telescope is then in the plane 
of the meridian; otherwise, certain adjustments 
must he made. When the telescope is at length 
perfectly adjusted, a land-mark must be fixed 
upon, at a considerable distance — the greater the 
better. This mark must be in the horizontal 
direction of the intersection of the cross wires, 
and in a place where it can be illuminated, 
if possible, in the night time, by a lantern hanging 
near it; which mark being on a fixed object, will 
serve at all times afterwards for examining the 
position of the telescope. 

Various observations and adjustments are requi- 
site in order to fixing a transit instrument exactly 
in the plane of the meridian. There is the ad- 
justment of the level ■ — the horizontal adjustment 
of the axis of the telescope — the placing of the 

rallel lines in the focus of the eye-glass, so as to 
truly vertical, and to determine the equatorial 
value of their intervals — the collimation in azimuth, 
so that a line passing from the middle vertical line 
to the optical centre of the object-glass, is at right 
angles with the axis of the telescope's motion — the 
collimation in altitude, so that the horizontal line 
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CHAPTER III. 

ON OBSERVATORIES. 

In order to make observations, with conveni- 
ence and effect, on the heavenly bodies, it is ex- 
pedient that an observatory, or place for making 
the requisite observations, be erected in a proper 
situation. The following are some of the leading 
features of a spot adapted for making celestial 
observations: 1. It should command an extensive 
visible horizon all around, particularly towards 
the south and the north. 2. It should be a little 
elevated above surrounding objects. 8. It should 
be, if possible, at a considerable distance fix>m 
manufactories, and other objects which emit much 
smoke or vapour, and even from chimney-tops 
where no sensible smoke is emitted, as the heated 
air from the top of funnels causes undulations in 
the atmosphere. 4. It should be at a distance 
from swampy ground or valleys that are liable to 
be covered with fogs and exhalations. 5. It 
should not, if possible, be too near public roads, 
particularly if paved with stones, and frequented 
by heavy carriages, as in such situations, undu- 
lations and tremulous motions may be produced, 
injurious to the making of accurate observations 
with graduated instruments. 6. It is expedient 
that tne astronomical observer should have access 
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accurate clock made by the celebrated Graham, 
which once served Dr. Haliey as a transit-clock. 
Immediately over this is the assistant's bed-room, 
with an alarum to awake him to make his obser- 
vations at the proper time. The room on the 
eastern side of this is called the tra/uit-toom, in 
which is an 8 feet transit instrument, with an axu 
of S feet, resting on 2 pieces of stone, made by 
Mr. Bird, but successively improved by Messrs. 
Dollond, Troughton and others. Here is also a 
chair to observe with, the back of which leta 
down to any degree of elevation that convenience 
may require. On the western side is the quad- 
rant room, with a stone pier in the middle running 
north and south, having on its eastern face a. 
mural quadrant of 8 feet radius, by which obser- 
vations are made on the southern quarter of the 
meridian, through an opening in the roof, of 3 
feet wide, produced by means of two sliding 
shutters. On the western face is another mural 
quadrant of 8 feet radius, the frame of which is 
of iron, and the arch of hrass, which is occasion- 
ally applied to the north quarter of the meridian. 
In the same room is the famous zenith sector, IS 
feet long, with which Dr. Bradley made the ob- 
servations which led to the discovery of the nata- 
tion of the earth's axis and the aberration of the 
light of the fixed stars. Here are also Dr. 
Hooke's reflecting quadrant and three time- 
keepers by Harrison. On the south side of this 
room a small wooden building is erected for the 
purpose of observing the eclipses of Jupiter's 
satellites, occultations of stars by the moon, and 
other phenomena which require merely the use of 
a telescope, and the true or mean time. It is 
furnished with sliding shutters on the roof and 
sides to view any part of the hemisphere from the 
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U obuined to the open areft on the outaide. GHI 
is an area on the outside towards the south, 
coreied with lead, 15 feet lon^ from (r to H, and 
6} feet from E to I, from which a commanding 
view of the southern, eastern and western por- 
tions of the heavens may be obtained : eete are 
positions on the top of the parapet where a teles- 
oc^ maj be conveniently placed, when observa- 
tiont are intended to bie made in the open air. 
The top of this parapet is elevated aboat 30 feet 
from the level of the ground. On the roof of the 
observatory, about 12 feet above its floor, on the 
outside is a platform of lead, surrounded by a 
railing, 6 feet by 5, with a seat, on which obser- 
vations either on celestial or terrestrial objects 
may occasonally be made. K is a door or hatch- 
way, which forms an entrance into the observa- 
tory from the apartments below, which folds down, 
ana forms a portion of the floor. 

In the perspective view of the building fronting 
the title-page, the position and general aspect of 
the observatory-part of the building may be more 
distinctly perceived. 

In public observatories, where zenith or polar 
distances require to be measured, it ia necessary 
that there should be a dome, with an opening 
across the roof and down the north and south 
walls. Should an altitude or azimuth circle, or 
an equatorial instrument be used, they will re- 
quire a revolving roof with openings and doors on 
two opposite sides, to enable an observer to follow 
a heavenly body across all the cardinal points. 
The openings may be about 15 inches wide, and 
the roof needs not be larger than what is requisite 
for giving room to the observer and the instru- 
ment, lest its bulk and weight should impede its 
easy motion. There have been various plans 
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at equal distances from one another, keep their 
relatire places, and more together in a heautifult; 
smooth manner. These spheres act as fiiction 
rollers in two directions at the four points of con- 
tact, in case anj obstacle is opposed to their pro- 
gressive motion by the admission of dirt, or by 
any change of figure of the wood that composes 
the rings of the dome, and of the gang-way. No 
groove is here made, hut what the weight of the 
roof resting on the hard sphere occasions. The 
dome itself moves twice round for the balls once, 
and has, in this way, its friction diminisfaed. The 
wood of this dome is covered hy Wyatt's patent 
copper, one square foot of which weighs upwards 
of a pound ; and the copper is so turned over the 
nails that fix it at the parts of junction, that 
not a single nail is seen in the whole dome. This 
covering is intended to render the dome more 
permanent than if it had been made of wood alone. 
At the observatory at Cambridge the dome is made 
chiefly of iron. In the figure a, a represents one 
of the two oblong doors that meet at the apex of 
the cone, and a piece of sheet-copper bent over the 
upper end of the door which shuts last, keeps the 
rain from entering at the place of junction. The 
two halves of the dome are united by brass rods 
passing through the door-cheeks of wainscot at a 
and a by means of nuts that screw upon their 
ends, which union allows the dome to be separated 
into two parts when there may be occasion to dis- 
place it. The wooden plate bb, which appears in 
a straight line, is a circular broad ring to which 
the covering wainscot boards are made fast above 
the eaves, and cc is a similar ring forming the 
wall-plate or gang-way on which the dome rests 
and revolves. 
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cold air which rushes in from below, producing 
agitations and undulations, which preTcnt even a 
good telescope from showing celestial objects dis- 
tinct and well de6ned ; and, I have no doubt, that 
many young observers have been disappointed in 
their views of celestial phenomena, from this cir- 
cumstance, when viewing the heavenly bodies 
from heated rooms in cold winter evenings ; as 
the serial undulations before the telescope pre- 
vent distinct vision of such objects as the belts of 
Jupiter, the spots of Mars, and the rings of 
Saturn. 
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haring been intended to exhibit the motions of 
the sun, the moon, and the five planets, according 
to the Ptolemaic system. The next orrery of 
which we have any account was that of Poaidonius, 
who lived about 80 years before the Christian era, 
of which Cicero says, ' If any man should carry 
the sphere of Posidonius into Scythia or Britain, 
in every revolution of which the motions of the 
sun, moon and five planets, were the same as in 
the heavens, each day and night, who in those 
barbarous conntries could doubt of its being 
finished — not to say actuated — by perfect reason V 
The next machine of this kind, which history 
records, was constructed by the celebrated Boethius, 
the Christian Philosopher, about the year of Christ 
610— of which it was said ' that it was a machine 
pregnant with the universe — a portable heaven — 
a compendium of alt things.' Ailer this period, 
we find no instances of such mechanism of any 
note till the 16tb century, when science began to 
revive, and the arts to flourish. About this time 
the carious clock in Hampton Court Palace was 
constmcted, which shows not only the hoars of 
the day, but the motions of the sun and moon 
through all the signs of the zodiac, and other celes- 
tial phenomena. Another piece of mechanism of 
a similar kind is the clock in the cathedral of 
Strasburg, in which besides the clock part, is a 
celestial globe or sphere with the motions of the 
sun, moon, planets and the firmament of the fixed 
stars, which was finished in 1574, 

Among the largest and most useful pieces of 
machinery of this kind, is the great sphere erected 
by Dr. Long in Pembroke Hall in Cambridge. 
This machine, which he called the Uranium, con- 
sists of a planetarium which exhibits the motion 
of the earth and the primary planets, the sun, end 
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is fixed a zodiac of tin painted blue, on which the 
ecliptic and heliocentric orbits of the planets are 
drawn and the stars and constellations traced* The 
whole is turned round with a small winch» with as 
little labour as it takes to wind up a Jack, although 
the weight of the iron, tin» and the wooden circle 
is above a thousand pounds. This machine, though 
now somewhat neglected, may still be seen in 
Pembroke Hall, Cambridge, where I had an op- 
portunity of inspecting it in November, 1839. 
The essential parts of the machine still remain 
nearly in the same state as when originally con- 
structed in 1758. 

The machine which I shall now describe is of a 
much smaller and less complex description than 
that which has been noticed above, and may be 
made for a comparatively small expense, while it 
exhibits, with sufficient accuracy, the motions, 
phases, and positions of all the primary planets, 
with the exception of the new planets, which 
cannot be accurately represented on account of 
their orbits crossing each other. In order to the 
construction of the I^lanetarium to which I allude, 
we must compare the proportion which the annual 
revolutions of the primary planets bear to that of 
the Earth. This proportion is expressed in the 
following table, in which the first colunm is the 
time of the Earth's period in days ; the second, 
that of the planets ; and the third and fourth are 
numbers very nearly in the same proportion to 
each other. 



8651 
S65: 

S65; 

865 
86^ 



88 
224) 
687 
4332A 
10759{ 
80686 



88 : 20 for Mercury. 

52 : 82 for Veniu. 

40 : 75 for Mars. 

7 : 83 for Japiter. 

5 : 148 for Saturn. 

3 : 253 for UianoB. 



On account of the number of teeth required 



522 THE PRACnCAL ASTftOXOMKR. 

of the moreable whceb to go throngh the top of 
the box, and bsTing od the top a wire fixed. 
had bent at a proper distance ioto a right 
angle upwards, bearing cxi the ti^ a small 
round ball, representing its proper planet. If 
tfaeo, on the lower part of the arbor of fixed 
wheels, be placed a pinion of acrew-teeth, a winch 
taming a spindle with an endless screw, playing 
in the teeth of the arbor, will tarn it with all its 
wheels, and these wheels will torn the others 
about with their planets, in their proper and res- 
pective periods of time. For, while the fixed 
wheel CK moves its equal CP once rannd, the 
wheel AM will move AN a little more than four 
times round, and will consequenUy exhibit the 
motion of Mercnr; ; the wheel £H will turn the 
wheel ER about q round, representing the 
proportional motion of Jupiter; and the wheel 
FG will turn the wheel FS, about ^ round, 
and represent the motion of Saturn, and so of all 
the rest. 

The following figure (fig. 94.) represents the 
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him, and are to be seen in the evening, and those 
on the right, in the morning. In the present 
case, Uranus, Saturn, Jupiter, and Mercury are 
evening stars, and Mars and Venus can only be 
seen in the morning. Jupiter is in an aspect 
nearly guar^t/^, or 3 signs distant from the sun, 
and Uranus is nearly in the same aspect. 
Saturn is much nearer the sun, and Mercury is 
not far from the period of its greatest eastern 
elongation. Mars is not far from being in a quartile 
i^pect, west of the sun, and Venus is near the 
same point of the heavens, approaching to the 
period of its greatest western elongation, and con- 
sequently will be seen before sun-rise as a beauti- 
ful morning star. Jupiter and Uranus, to the 
east of the sun, appear nearly directly opposite to 
Venus and Mars, which are to the west of the sun. 
The phase,* of Venus is nearly that of a half- 
moon, and Mercury is somewhat gibbous, ap- 
proaching to a half-moon phase. If, now, we turn 
the machine by the winch till the Index of the 
earth point at the 8th of August, 1845, we shall 
find the planets in the following positions : — Mars 
and Saturn are nearly in opposition to the sun ; 
Venus and Mercury are evening stars at no great 
distance from each other, and Jupiter is a morning 
star. In like manner if we turn the machine till 
the Index point to any future months, or even 
succeeding years, the various aspects and positions 
of the planets may be plainly perceived. When 
the planets are moved by the winch, in this machine, 
we see them all at once in motion around the sun, 

* The balls which represent the different planets, on this machine, 
have their hemispheres painted black, with the white side turned 
directlj to the smi, so that if the eve be placed in a line with the 
earth, and the planet, particularly Mercuiy and Venus, its phase in 
the heavens, at that time, as viewed with a telescope, may be dis- 
tinctly perceived. 
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earth to move Bometimes direct, or from west to 
east, then become retrograde, or from east to west, 
and between both to be ttationary. AU which 
particuUn exactly correspond with celestial ob- 
servations. For illustrating these particulars there 
18 a simple apparatus represented by fig. 95, which 
consists of a hollow wire with a slit at top which 
is placed over the arm of Mercury or Venus at E. 
The arm DO represents a ray of light coming 
from the planet at D to the earth at F. The 
planets being then in motion, the planet D, as 
seen in the heavens from the earth at F, will 
undergo the several changes of position, which we 
have described above, sometimes appearing to go 
backwards and at other times forwards. The wire 
prop, now supposed to be placed over Mercury at 
K, may likewise be placed over any of the other 
planets, particularly Mara, and similar phenomena 
will be exhibited. 

This machine may likewise be used to exhibit 
the falsity of the Ptolemaic system, which places 
the Earth in the centre, and supposes the snn and 
all the planets to revolve around it. For this pur- 
pose, the ball representing the Sun is removed, 
and placed on the wire or pillar which supports the 
Earth, and the ball representing the E^th is placed 
in the centre. It vritl then he observed, that the 
planets Mercury and Venus, being both within 
the orbit of the sun, cannot at any time be seen 
to go behind it, whereas, in the heavens we as 
often see them go behind as before the sun. 
Again, it shows that as the planets move in circular 
orbits about the central earth, they ought at all 
times to appeal of the same magnitude ; while, on 
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as Jupiter, and at other times only like 
jBxed star. Again, it is here shown t 
planets may be seen at all distances from t 
for example, when the sun is setting, Merc 
Venus, according to this arrangement, m 
seen, not only in the south but even in the 
quarter of the heavens — a phenomenon wh 
never yet observed in any age ; Mercury 
appearing beyond 27^ of the Sun, nor 
beyond 48<^. In short, according to the 
thus represented, it is seen, that the mot 
the planets should all be regular, and uni 
the same in every part of their orbits, an 
they should all move the same way, namel 
west to east ; whereas, in the heavens, th 
seen to move with variable velocities, som 
appearing stationary, and sometimes moviuj 
east to west, and from west to east. All 
circumstances plainly prove that the Pto 
cannot be the true system of the universe. 

A Planetarium, sach as that now described, might be coi 
with bnss wheel-work^ for about 5 guineas. The onss wh« 
of one which I long since constructed cost about 3 guineas, 
other parts of the apparatns about 2 guineas more. The i 
are the prices ef some instruments of ihh kind as made by 
Jones, SO. Lower Holbom, London. * An Orrery, show 
motions of the Earth, Moon, and inferior planets, Merci 
Venus, b]r wheel-work, the board on which the instrumen 
being IS indies diameter, £4 : 14s. 6d.* * A Planetarium i 
the motions of all the primary planets by wheel- work with 1) 
3 inch papered globes, — accoraing to the wheel- work and the z 
of the stands, from £7 : 17s. ^ to £10 : 10s.' ' Ditto, witl 
work to . show the parallelism of the Earth*s axis, the motioni 
Moon, her phases, ftc., £18 : 18s.' * Ditto, with wheel- work, 
the earth's diumal'motion, on a brass stand in mahogany case, £ 
* A small TellurioMj showing the motion of the £urth and Moc 
£1: 8s. 
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HENDERSON 8 PLANETARIUM. 

The following is a description of the most cora- 

?lete and accurate planetarium I have yet seen, 
'he calculations occupied more than eight months. 
For this article I am indebted to my learned and 
ingenious friend Dr. Henderson, F.R.A.S., who 
is known to many of my readers hy his excellent 
astronomical writings. 



Section of the wheel-work of a Planetarium 
for shewing with the utmost degree of accuracy 
the mean tropical revolutiom of the planets 
round the sun, calculated by £. Henderson, 
LL.D. &c. 

In the above section the dark horizontal lines 
represent the wheel-work of the Planetarium, and 
the annexed numerals, the numbers of teeth in the 
given wheel. The machine has three axes or 
arbors, indicated by the letters A, B, C. — Axis 



530 THE PRACTICAL ASTRONOUBB. 

causes it to make a revolution in 
324 days, 16" 41<- 31. 1% and is 
furnished with a tube, which revolves 
over that of Mercury and ascends 
through the cover of the machine, 
and bears an arm on which is placed 
a small ball representing this planet 
in the time stated. 
THE EARTH'S The motion of the earth round 
PERIOD. tde gyn is gjniply effected as follows 

— the assumed value of axis ' C ; ' 
the ' Yearly axis ' is 365 days 5" 
48- 49. lO*; hence a system of 
wheels having the same numbers of 
teeth, or at all events, the first 
mover, and last wheel impelled must 
be equal in their numbers of teeth ; 
in this machine three wheels are 
employed, thus ; a wheel having 96 
teeth is made East to the Yearly axis 
C and of course moves round with 
it in a mean solar year, as above 
noted, this wheel impels another 
wheel of 96 teeth, on axis B, and 
this in its turns drives a third wheel 
of 96 teeth on axis A, and ts fur- 
nished with a long tube which re- 
volves over that of Venus, and 
ascends above the cover-plate of the 
machine, and bears a horizontal arm 
which supports a small terrestrial 
globe, whjch revolves by virtue of 
said wheels once round the sun in 
865 days 50 48" 49. 19*. 
MARS-PERIOD. The revolution of this planet is 
effected as follows — a wheel of 140 
teeth is made lost to the yearly axis 
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year— the period is engrafted OD 
that of Saturn's, thus, -a nheel of 
117 teeth is made fast to wheel 190 
of Saturn, and conaequently levolves 
in Saturn's period. This wheel of 
117 teeth drives a wheel on axis B, 
having 77 teeth, to which is fixed a 
wheel of 40 teeth, which turns on 
axis A, a lai^ wheel of 173 teeth, 
whose tube ascends and revolves over 
that of Satuni, and carries a hori- 
zontal arm which supports a ball 
representing this planet, which is 
caused to complete its revolution by 
such a train of wheels in the period 
of 30589^ S" S^' 5S.4f. Such is a 
brief descripdoQ of the motions of 
this comprehensive and very accurate 
machine. 
The axis A, on which the planetary tubular 
wheels revolve, performs a rotation in £5 days 
10 hours, by virtue of the following train of 
wheels, n + n of 24 hours, that is, a pmion of 14 
is assumed to revolve in 24 hours, and to drive a 
wheel of 61 teeth, to which is fixed a pinion of 12, 
which turns the wheel 70 in the penod noted ; to 
this wheel-axis, it is jnade fast, and by revolving 
with it, exhibits the Sun's rotadon. 

DIURNAL The machine istumed by a handle 

or winch, which is assumed to turn 
round in 24 hours, and &om this 
rotation of 24 hours a train of wheel- 
work is required to cause the * yearly 
axis ' C, to turn once round ia 3G5' 
5^ 49'" 43.19', which is effected in the 
followingroanner— vis,the train found 
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hence this lut wheel will complete 
one reTolntion in 10,000 yean, and it 
ii for this poipose the former index 
or hand moves orer a number yearly. 
The second index will pass over a 
number every 100 years — for the 
present year the secmid hand or 
lodex will be orer the number 1 8, 
and will cootinae orer it until tfae 
first index mores forward to 99, 
then both indexes will more at oae 
time, viz., the first index to 00 on 
the first concentric circle of the 
dial, and the second index to 19, 
denoting the year 1900, and so of 
the rest. By the ecliptic being di- 
vided in a series of four spirals, the 
machine makes s distinction between 
common and leap years, and indi- 
cates the common year as containing 
865 days, and the leap-year 866 
days, by taking in a day in February 
every fourth year ; thus for any 
given period for 10,000 years past or 
to come, the various situations and 
aspects of the planets may be ascer- 
tained by operating with this machine, 
and this for thousands of years without 
producing a sensible error either in 
space or time. This planetarium 
wheel-work is enclosed in an el^ant 
mahi^any box of twelve sides — is 
about 5 feet in diameter by 10 
inches in depth ; at each of the 
twelve angles, or sides, small brass 
pillars rise and support a laige 
Ecliptic circle on which are engraven 
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ON SATURN S RING, 



The striking and singular phenomenon con- 
nected with the planet Saturn — though now 
ascertained beyond dispute to be a Ring, or Rings, 
surrounding its body at a certain distance — was a 
subject of great mystery, and gave rise to numer- 
ous conjectures and controversies, for a considei^ 
able time after the invention of the telescope by 
which it was discovered. Though it was first 
discovered in the year 1610, it was nearly 50 
years afterwards, before its true form and nature 
were determined. Galileo was the first who dis^ 
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covered anything nncommon conaected with 
Saturn ; through his telescope he thought he saw 
that planet appear like two smaller globes on each 
aide of a larger one ; and after viewing the planet 
in this form for two years, he was surprised to see 
it becoming quite round, witfaont its adjoining 
globesj and some time afterwards to appear in the 
triple form. This appearance is represented in 
fig. 1 of the above engraving. In the _year 
1614, Scheiner, a German astronomer, published 
a representation of Saturn, in which this planet is 
exhibited as a large central globe, with two smaller 
bodies, one on each side, partly of a conical form, 
attached to the planet and forming a part of it, as 
shown fig. S. In the year 1640 and 164S, Ric> 
ciolus, an Italian mathematiGiaa and astronomer, 
imagined he saw Saturn as represented in fig. S. 
consisting of a central globe, and two conical 
shaped bodies completely detached from it, and 
published an account of it corresponding to this 
view. Hevelius, the celebrated sstronomer of 
Dantzig, author of the Selenograpkia and other 
works, made many observations on this planet 
about the years 1643, 1649 and 1650, in which he 
appears to have obtained different views of the 
planet and its appendages, gradually approximat- 
ing to the truth, but still incorrect. These views 
are represented in figures 4, 5, 6, and 7. 
Fig. 4 nearly resembles two hemispheres, one on 
each side of the globe of Saturn. The other 
figures very nearly resemble the extreme parts of 
the ring as seen through a good telescope, but he 
still seems to have considered them as detached 
from each other aa well as from Saturn. Figures 
8 and 9 are views given by Ricciolus at a 
period posterior to that in which he supposed 
Saturn and his appendages in the form delineated 
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thirty thousand miles in diameter. These globes, 
were coDCeived as being attached to the body of 
Saturn by curves or bands, each of which, in the 
proportion represented, must have been at least 
7000 miles in breadth, and nearly 40,000 miles 
long. This would have exhibited the planet 
Saturn as a still more singular body than what we 
have found it to be; but no such constructioa of a 
planet has yet been found in the universe, nor ia 
It probable that such a form of a planetary body 
exists. 

It is remarkable that only two general opinions 
should have been formed respecting the construc- 
tion of Saturn— «s appears from these representa- 
tions—either that tQiB planet was composed of 
three distinct parts, separate from each other, — or 
that the appendage on each side was fixed to the 
body of the planet. The idea of a ring surround- 
ing the body of the planet, at a certaio distance 
from every part of it, seems never to have been 
thought of till the celebrated Huygens, in 16S5, 
1656 and 1657, by numerous observations made on 
this planet, completely demonstrated that it ia 
surrounded by a solid and permanent nog, .which 
never changes its situation, and, without touching 
the body of the planet, accompanies it in its revo- 
lution around the bud. As the cause of all the 
erroneous opioions above stated was owing to the 
imperfection of the telescopes which were then in 
use, and their deficiency in magnifying power, — 
this ingenious astronomer set himself to work in 
order to improve telescopes for celestial observa- 
tions. He improved the art of grinding and 
polishing object-glasses, which he finished with his 
own hands, and produced lenses of a more correct 
figure, and of a longer focal distance than what 
had previoualy been accomplished. He first con- 
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y c icciteJ that the daik fine wis stranger next tlie 
body, and £unter toimds the nppcr ed|ge of the 
ring. Within the ring he also disoofend 
belts across the disk of Satmn* Bat it does 
appear that thej had any idea that tUs dark fine 
was esuptj space separating the ring into twro 
parts. This discoreiy was icscr y ed far the Imtc 
Sir W. Herachely who made nnmeioiis o b a rainn. 
tioDS on this planet, and likewise ascertained diat 
the ring performs a rcrolation roond the planet m 
ten hours and thirty minotes. 

Of late years, some ohserrers hare soppooed 
that the exterior ring €i Satnm is divided into 
sereral parts, or, in oUier words, that it consists o£ 
two or more ooncentrie rings. The following are 
some of the obserratiaBs on which this opinioa 
is founded. '^^ "'^ chiefly extracted firont 
Ci^tain Kster's Fiqper on this snbject, whidi 
read before the Astronomical Sode^ of 



The obserratians, we are told, were made in the 
years 1825 and 18S6, and remained unpnUishedy 
firom a wish on the part of the obaerrer to witness 
the appearances again. The planet Saturn has 
been mnch observed by Captain Kater, for the 
porpoae of txying the li^t, &c., for vibich the 
ring and satellites are good tests. The instruments 
which were employed in the present invesdgaticHis 
were two Newtonian Reflectors— one by Watson, 
of 40 inches focus and 6^ aperture ; and another 
by Dollond, of 68 inches focus, and 6| aperture* 
^Hie first, under fovourable drcumstanoes, gave a 
most excellent image, the latter is a veiy good 
instrument. The following are extracts horn the 
author's joumsL 

Nov. 25, 1825.— The double ring beautifolly 
defined, perfectly distinct all around^ and the prin- 
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It is Boid that the same appoanuicea were seen 
by Mr. Short, but the original record of his obser- 
vations cannot be found. In Lalande's Attrortoaty 
(3rd edition, article 3S51,) it is said, ' Cassini re- 
marked that the breadth of the ring was divided 
into two equal parts by a dark line havings the 
same curvature as the ring, and the exterior por- 
tion was the less bright. Short told me that he 
observed still more singular phenomena with bis 
large telescope of 12 feet. The breadth of the 
ansee, or extremities of the ring ; was, according 
to him, divided into two parts,— an inner portion 
without any break in the illumination, and an 
outer divided by several lines concentric with the 
circumference ; which would lead to a belief, that 
there are teveral rings in the tame plane.' De 
Lambre and Birt severally state that Snort saw tfae 
x}uter ring divided, probably on the authority of 
Lelande. In Brewster's Fergunn'i AtiTonomy, 
vol. ii, p. 1^, Snd edition, there is the following 
note on this subject. ' Mr. Short assures ua, that 
with an excellent telescope, he observed the sur- 
face of the ring divided by several dark concentric 
lines, which seem to indicate a numher of unga 
proportional to the number of dark lines which he 
perceived.' 

In Dec. 1813, at Paris, Professor Quetelet saw 
the outer ring divided with the achromatic tele- 
scope of 10 inches aperture, which was exhibited 
at the exposition. He mentioned this the follow- 
ing day to M. de la Place, who observed, ^t 
' those or even more divisions, were conformable to 
the system of the world.' On the other hand the 
division of the outer ring was not seen by Sir W. 
Herschel in 1792, nor by Sir J. Herschel in 1826, 
nor by Struve in the some year ; and on several 
occasions when the atmospheric conditions were 
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This telescope, the largest and moat mo^ificent 
that ever was attempted, reflects the greatest 
honour on the genius, the inventive poweis, and 
the scientific acquirements of its noble contriver, 
as well as on the elevated station in which he is 
placed. With rank and fortune, and every cir- 
cumstance that usually unfit men for scientific 
pursuit, he has set a bright example to his com" 
peers of the dignity and utility of philosophical 
studies and investigations, aud of the aids they 
might render to the progress of science, were 
their wealth and pursuits directed in a proper 
channel. 

Previously to his Lordship's attempting the 
construcdon of his largest — or ' Monster Teles- 
cope,' he had constructed one with a speculum of 
3 feet in diameter, which was considered one of 
the most accurate and powerful instruments that 
had ever been made, not excepting even Sir W. 
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by depremng which it aaght be turned over, and 
the contents of the crucible poured into the 
mould. The bottom of the mould was made bj* 
binding together tightly layers of hoop-iron, and 
taming the required shape on them edgewise. 
This mould conducted the heat away through the 
bottom, and cooled the metal towards the top in 
infinitely small layers, while the interstices, though 
close enough to prevent the metal from escaping, 
were sufficiently open to allow the mr to penetrate. 
This bottom was six feet in diameter and 5}- inches 
thick, and was made perfectly horizontal by means 
of spirit levels, and was surrounded by a wooden 
frame ; a wooden pattern, the exact size of the 
speculum, being placed on the iron ; sand was well 
packed between it and the frame, and the pattern 
was removed. Each of the crucibles containing 
the melted metal was then placed in its basket, 
and every thing being ready for discharging their 
contents, they were at the same instant turned 
over, and the mould being filled, the metal in a 
short time safely set into the required fignre. 
Whilst it was red hot, and scarcely solid, the 
frame-work was removed, and an iron ring con- 
nected with a. bar which passed through the oven, 
being placed round it, it was drawn in by meaoa 
of a capstan at the other aide, on a railroad, when 
charcoal being lighted in the oven, and turf fires 
uodemeath it, all the openings were built up, and 
it was left for sixteen weeks to anneal. It was 
cast on the 13th of April, IB4S, at 9 o'clock in 
the evening. The uncibles were ten hours heat- 
in^ in the furnaces before the metal was intro- 
duced, which in about ten hours more was suffi- 
ciently fluid to be poured. When the oven was 
opened the speculum was found as perfect as wh«s 
it entered it. It vru then removed to the grinding 
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kept between the ^nder and the speculam. The 
Grinder is msde of cast iron, with grooves cot 
lengthways, acroaa and circularly on its face. 7b e 
polisher and speculum hare a mutual action upon 
each other ; in a few hours, by the help of the 
emery and water, they are both ground truly cir- 
cular, whatever may have been their previous 
defects. The grinding is continued tilt the re- 
quired form of surface ia produced ; and this is 
ascertained in the following manner. There is a 
high tower over the house in which the speculum 
is ground, on the top of which is fixed a pole, to 
which is attached toe dial of a watch ; there are 
trap doors which open, and by means of a tem- 
porary eye-piece, allow the figure of the dial to 
be seen in the speculum brought to a slight polish. 
If the dota on the dial are not sufficiently well- 
defined, the grinding is continued ; but if tbey 
appear satisfactorily, the polishing is commenced. 
It required six weeks to grind it to a fair surface. 
The polisher was cut into grooves, to prevent the 
abraded matter from accumulating in some places 
more than in others — a thin layer of pitch was 
spread over it, it was smeared over with rouge and 
water, and a supply of it kept up till the maidii- 
nery brought it to a fine black poUsh. The length 
of time employed for polishing the 3 feet specu- 
lum was six hours.* 

This large telescope is now completed, or nearly 
so. The tube is 66 feet long, including the spe- 
culum box, and is made of deal, one inch thick, 
hooped with iron. On the inside, at intervals (^ 

* The abaTe deieriptlon hu bc«n Hiected ud abridgwl tnat * 
MUll tdIdhu untitlsd ' The Manitsr TiileKiif>a, meted % the Ead 
of RiMU, Punnlown,' — ud sin trota the ' Illiutnted LoDdoii 
Men' of September 9th, 1B4S. In the Tolnme klloded to ■ mole 
puticalv detcriptioa will be fmutd, Bcamipuiied villi engntiBgt. 
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afforded for making particular obserrations vrith 
this telescope ; but from slight trials vbich have 
been made, even under unfavourable circumstaoces, 
it promises important results. Its great superio- 
rity over every telescope previously constructed 
consists in the great quantity of light it refiects, 
and the brilliancy witn which it exhibits objects 
even wheu high powers are applied. It has a re- 
flecting surface of 4,071 square inches, while that 
of HerscheVs 40-feet telescope had only 1811 
square inches on its polished surface, so that the 
quantity of light reflected from the speculum i« 
considerably more than double that of Herschel's 
largest reflector. This instrument has already 
exceeded his Lordship's expectations. Many ap- 
pearances before invisible in the Moon, have been 
perceived, and there is every reason to expect 
that new discoveries wilt be made by it in the 
Nebula, double and triple stars, and other celestial 
objects. The following is an extract of a com- 
munication from Sir James South, on this subject, 
addressed to the Editor of the ' Timet.' ' The 
leviathan telescope on which the Earl of Rosse 
has been toiling upwards of two years, although 
not absolutely finished, was on Wednesday last 
directed to the Sidereal Heavens. The letter 
which I have this morning received from its noble 
maker, in his usual unassuming stile, merely 
states, that the metal only just polished, was of a 
pretty good figure, and that with a power of 500, 
the nebula known as No. S., of Messier's cata- 
logue, was even more magnificent than the nebula, 
No. 18 of Messier, when seen with bis Tjordship's 
telescope of 3 feet diameter, and 27 feet focus. 
Cloudy weather prevented him from turning the 
leviathan on any other nebulous object. Thus, 
then, we have all danger of the metal breaking 
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of Venus. The most popnUrly-known nebulae 
observed thia night were the ring nebuls in the 
Canet Venatici, or the 51st of Messier'a caCa- 
loffue, which wbs resolved into stars with a mag- 
nifying power of 648, and the 94th of Messier, 
which is in the same constellation, and which waa 
resolved into a large grlobular cluster of stars, not 
much unlike the well-known duster in Hercules, 
called also 13th Messier.' Perfection of figure, 
however, of a telescope, must be tested, not by 
nebulse, but bjr its performance on a star of the 
first magnitude. If it will, under high power, 
show the star round and free from optical appen- 
dages, we may safely take it for granted it will 
not only show nebulae well, hut any other celestial 
object as it ought. To determine this point, the 
telescope was directed to Regutut, with the entire 
aperture, and a power of 800, and ' I saw ' says 
Sir James, ' with inexpressible delight, the star 
free from wings, tails or optical appendages ; not 
indeed like a planetary disk, as in my large achro- 
matic, but as a round image resembling voltaic 
light between charcoal points ; and so little aber- 
ration had this brilliant image, that I could have 
measured its distance from, and position with any 
of the stars in the field with a spider's line micro- 
meter, and a power of 1,000, without the slightest 
difficulty ; for, not only was the large star round, 
but the telescope, although in the open air, and 
the wind blowing rather fresh, was as steady as a 
rock.' 

' On subsequent nights, observations of other 
nebulfe, amounting to some 30 or more, removed 
most of them from the list of nebulie, where they 
had long figured, to that of clusters ; while some 
of these latter, more especially 5 Messier, exhi- 
bited a sidereal picture in the telescope such as 
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parent moon, or as if the star were between me 
and the moon. It remained on the moon's disk 
nearly two seconds of time, and then disappeared. 
I have seen this apparent projection of a star on 
the moon's face several times, but from the great 
brilliancy of the star, this was the most beautiful 
I ever saw. The cause of this phenomenon is 
involved in impenetrable mystery.' 

The following is a representation of the Great 
Rosse Telescope, along with part of the buildings 
with which it is connected. In the interior face 
of the eastern wall a very strong iron arc of about 
43 feet radius is firmly fixed, provided with ad- 
justments, whereby its surface facing the telescope 
may be set very accurately in the plane of tiie 
meridian. On this bar, lines are drawn, the inter- 
val between any adjoining two of which, corres- 
ponds to one minute of time on the Equator. 
The tube and speculum, including the bed on 
which the speculum rests, weigh about 15 tons. 
The telescope rests on an universal joint placed on 
masonry about 6 feet below the ground, and is 
elevated or depressed by a chain and windlass ; 
and although it weighs about 15 tons, the instru- 
ment is raised by two men with great facility. Of 
course, it is counterpoised in every direction. The 
observer when at work, stands in one of four gal- 
leries, the three highest of which are drawn out 
from the western wall, while the fourth or lowest 
has for its base an elevating platform, along the 
horizontal surface of which a gallery slides from 
wall to wall by a machinery within the observer's 
reach, but which a child may work. When the 
telescope is about half an hour east of the meri- 
dian, the galleries, hanging over the gap between 
the walls, present to a spectator below an appear- 
ance somewhat dangerous ; yet the observer, with 
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no equatorial motion, but it Terr shortly wiU ; 
and at no very distant day, clock-work will be 
connected with it, when the observer will, while 
observing, he almost as comfortable, as if be were 
reading at a desk by his fire-side. 

The following figare shews a section of the 
machinery connected with this telescope. It 
exhibits a view of the inside of the eastern wall, 
with all the machinery as seen in section. A is 
the mason-work on the ground, B the universal 
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